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By .William A, Hilton. 

Concerning the insects, many extensive works have been pub- 
lished upon the nervous system from early times down to quite 
recently, The work of Dujardin, ’50, may be said to be a 
starting point. Numerous papers by Villanes from ’87 to ’93 
give general accounts of ^ the structure, but nothing very def- 
inite as to the distribution of individual nerve termination and 
oiwin within the ganglia. The extensive work by vSaint-Remy, 
'tiO, is also a somewhat fragmentary account of numerous forms 
of tracheate head ganglia. Other earlier papers dealing with 
cephalic ganglia in particular are those of Newton, 79, and 
Packard, ’SO, and in more recent times we have the valuable 
works of Kenyon, ’90, and Haller, ’04. In connection 
with the structure and relationships of abdominal ganglia, the 
Investigations of Binet, ’94, and Benedicenti, ’95, should be 
mentioned; and for a summary of the form and structure of the 
insect nervous system, the general work of Berlese, ’97, is 
invaluable. 

Although there are numerous and extensive papers dealing 
with the structure of insects, very few give a very complete 
account of the whole nervous system of a single species and 
practically no single work treats of the larval centers in much 
detail, although numerous papers take up the development and 
some as Bauer, ’04, consider the transformations of larval into 
the adult conditions. 

The external anatomy and general distribution of ganglia 
and nerves \)f' Corydalis have been studied by Krauss, ’84, and 
by Hammar, ’08. The relations of the trachea to the nervous 
system and their distribution within it by Hilton, ’09. The 
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present paper is a continuation of the study of the nervf 
system in the larval form and, although not as complete as 
might be wished, it is at least a start in the direction of a clea er 
comprehension of the insect central nervous system, un( it- 
taken for the purpose of preparing for a study of the fi,ier 
structure of the nerve cells, and for experiments upon tl.eir 
metabolism and function. 

The methods employed were various. For obtaining die 
best idea of the general distribution of nerve cells and fibers, ..nd 
the tracts of which they are parts, intra vitam methylene 1)1 ue 
injections were used. Beautiful results were obtained at 
times, but it was only after hundreds of specimens were gone 
over that much was learned as to the organization of the gan* 
glia. Sectioning methods with the usual fixers and stains gave 
fair results and the methods of Golgi and Cajal were tried, also 
those of Villancs and Kenyon. All of these gave good prep- 
arations except the Golgi method which I hope to try again at 
another time. There were difficulties in the way of fixing and 
staining because the ganglia are inclosed in chitin and because 
of the numerous tracheal vessels, and in the larger ones it wa? 
not possible to get perfect whole mounts. Sketches were 
made from the methylene blue preparations both before and 
after fixation and in the first stages of the work peripheral 
nerves were traced by means of gross dissections. 

ABDOMINAL XiANGLIA. 

The abdominal ganglia, eight in number are quite uniform 
in appearance and general structure with the exception of the 
eighth or most caudal. I'he first abdominal is separated by only 
short connectives from the third thoracic, and the seventh is 
even closer to the eighth. The seven first abdominal ganglia 
have quite uniformly on each side, two large nerve trunks 
connected with them, a cephalic lateral and a ventral more 
caudal branch. The eighth ganglion has four pairs of branches 
leading into it from the caudal end of the animal. 

Specimens were injected with methylene blue and nerves 
traced to the periphery and from here followed int(5 the ganglia 
as nerve tracts as far as possible. In an earlier study on th.^ 
nervous system of larval insects I found that in some cases 
some of the more cephalic branches connected with the ganglia 
were in large part if not totally sensory, that is arising from 
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'olar nerve cells and nerve plexuses, from tactile hairs and 
iv m the surface of the hypodermis. In Corydalis at various 
t. :)es during several years I have tried to determine the motor 
a-,d sensory parts of each peripheral trunk for the purpose of 
fci'owing them into the central nervous system To some 
dc-ree methylene blue stain is of a differential value in deter 
mining the nature of nerve trunks, for very often the first 
neurons to take the stain are sensory, while motor fibers and 
cells are often slower to turn blue. But this method is not 
absolutely sure, for there is great variability in the staining 
reactions of different individuals. The only sure way of telling 
whether a given branch is motor or sensory is by tracing the 
nerves to their endings in muscle fibers or from their origin in 
bipolar sense cells at the periphery. The tracing of a motor or 
a sensory nerve or tract is not possible in a large number of 
cases because the stain is incomplete or too dense but 
occasional selectively stained preparations enable one to make 
positive it not complete statements in regard to nerve trunks' 
that is to say, one can determine surely from a .specimen that 
a large number of branches of a certain nerve are all motor or 
ail sensory, but it would be impossible to say with perfect 
assurance that the nerve was pure motor or pure sensory 
because some fine terminations might remain uncolored 
especially m the case of a stain which was good for sensory 
terminations, for there would be a strong probability that some 
at least of the fine motor ends would not show. 

Hammar, ’08, on the nervous system of Cory- 
dalis has been very helpful, and the general description of the 
nervous system given by him is so complete that I shall not need 
to spend time on the gross anatomy of the various ganglia, and 
m speaking of the several branches of the ganglia 1 shall follow 
ills terminology. 


There are three chief branches breaking from the Lateral 
runk of each of the first seven abdominal ganglia, their method 
ot branching from this trunk and from each other is somewhat 
variable, but these three main parts are easily recognized 
branch 2 is large and comes off quite near the base of the lateral 
trunk, runs caudally a short distance and then disappears 
e 'pteen muscle fibers in a ventral direction. I could not 
of anything but a motor branch although some 

e fibers frorn it are among the first to stain and some of 
pass not into the ganglion connected with the nerve 



222 


Annals Entomological Society of America [Vol. 1 ; 


trunk, but run directly up to the next ganglion by the wa}- of 
the connectives, in a tract which from its other connection^ in 
other species and in this form, and from its staining reactir 
I took to be sensory. Branch 3 is long, it runs up to the do ,a] 
side of the animal and is without doubt mixed motor njj 
sensory, containing fibers which supply dorsal muscles 
fibers w^hich come from the hypodermis. Branch i runs ' itr 
the lateral appendage and seems to be sensory, for the n ost 
part at least. Besides these, there are two minute branc \es 

1 and 5, running out to the trachea, according to Hammar, ’OS 

The ventral trunk runs caudally and ventrally, branches i 

2 and 3 run to more and more caudal portions of the ventral 
side of the animal and seem to be entirely sensory, branch 3 
runs to some extent also into the lateral appendage, while 
branch 4 runs into the tracheal gill and was the only one traced 
into it. So this whole ventral trunk seems to be for the most 
part sensory. 

The eighth abdominal ganglion seems to be made up of at 
least two centers fused, there are four main trunks entering it 
on each side below and all of these so far as could be determined 
are both motor and sensory. Trunk (a) is most lateral (b) 
a ventral trunk corresponding to the ventral one of other ab- 
dominal ganglia, (d) a more median one supplying lower dorsal 
and ventral portions of the body and (c) median, with a large 
branch which runs back up the intestine. 

NERVE CELLS. 

(Fig. 5.) 

The nerve cells of the periphery have already been figured 
in an earlier article, Hilton ’02. The functional cells of the 
ganglia both thoracic and abdominal appear to be much of the 
same type in methylene blue preparations, uni- or bipolar nerve 
cells, one of the processes or branches of which may run out 
quite a long distance before they break up into a number of 
terminations, the other portion usually breaks dp into branches 
near the cell body. Indications of multipolar cells were seen 
in some specimens but with these usually all of the processes 
but one. were very small and hard to trace very far. In addi* 
tion to the functional neurones of both large and small size, 
there were in all of the ganglia, numerous neuroblasts, or smal- 
ler cells with slight protoplasm about the nucleus, and neurog- 
lia networks. 
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NERVE TRACTS IN ABDOMINAL GANGLIA. 

(Figs. 1 and 2.) 

Bv means of methylene blue preparations it was possible in 
c more deeply stained specimens to trace the main tracts of 
0] rs within the ganglia and within the connectives and in 
}i<T' ler stained specimens the distribution of special tracts 
even individual fibers. At times the cells stained as well 
as die fibers at other times only fibers were colored. 



['ll 1^' 

Fig. I. 2. 


Fig. 1. Figure of the 7th and 8th abdominal ganglia from methylene blue 
oreparation. Dorsal side, A few nerve cells are shown in black. The chief nerve 
trunks show with their hbers. The central 'Tunktsubstanz” of the ganglia dotted. 
Some of the larger tracheal tubes shown as thick solid black lines. 

The caudal end is down in this and the following figures, .x30, 

Fig. 2. Sixth abdominal ganglion from ventral side. Methylene blue. x30. 

Stained or unstained, the central region of each ganglion is 
more opaque or darker, due to the nerve fibers crossing and 
terminating in this region. This forms on each side a central 
body made up of two oval masses more or less fused into one at 
the middle line, the ‘Tunktsubstanz" of some authors. The 
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nerve fibers of the connectives when stained in a mass foi n 
deep lines apparently running straight through the center .,f 
the ganglia, these longitudinal bundles of nerve fibers seem o 
be a little broader before entering and after leaving the cent’a] 
mass. The nerve trunks in deeply stained specimens se d 
masses of fibers into the ganglia and in the case of most of t he 
fibers, the region where they seem to terminate is in the central 
part of each ganglion. This is true of all the ventral fibers 
and of most of those from the lateral trunk, but a few of the 
latter, and some fibers from the second branch of the lateral, 
run up into the edge of the ganglion only, and then straight up 
the connective to the next ganglion above. In the case of the 
eighth adbominal the four nerve trunks enter the fibrous central 
mass from below, those most medially placed seem to be con- 
tinued up through to the connectives and to be largely contin- 
uous with them in deeply stained specimens, while the more 
lateral trunks are lost sight of as they enter the central portion 
of the ganglion, although some of the fibers from the more 
laterally placed nerve trunks pass through the edge of the 
ganglion without communication with its cells and pass up 
the outer side of the connectives on either side to the next 
ganglion above. There are then two masses of fibers entering 
each center but the last, those of the connectives and those of 
the nerve trunks, I will first take up those of the connectives. 

Beginning with the seventh abdominal ganglion great masses 
of fibers enter, and it is possible to distinguish ; (a) Fibers which 
run straight through without terminating. There seem to be 
great numbers of these, but this is due in part to the fact that 
when fibers do terminate in a ganglion they end at various 
levels. These fibers can however individually in a number of 
cases be traced through a ganglion without endings of any sort 
within it, just how far some of these may run without term -na- 
tion is a question, but there was no difficulty in tracing them 
through three ganglia and there is no reason to doubt that 
they may be longer than this. Those most easily followed 
were usually of larger size than the rest, (b) Fibers from below, 
terminating within the ganglion. Of these there are several 
sorts: (1) Those ending in the lower part of the “punktsub- 
stanz” on the same side. (2) Those ending on the same side 
above. (3) Those crossing over towards the opposite side 
from below. (4) Those crossing over to the opposite side above. 
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ill those entering from below some run straight in and end 
ir lie caudal region of the central fibrous mass, while in many 
s| dmens fibers from the outer side of the connectives sweep 
gi ;ply in towards the center of the lower part of the ganglion 
t( i iid near the middle line, either on the same side or just 
ov r it. (c) Fibers from above. In general there are similar 
bu dies of fibers to those traced from below: (1) Those end- 
in;.; in the lower part of the ganglion on the same side. (2) Those 
ending on the same side but in the cephalic portion of the 
ganglion. (3) Those crossing to end in the lower part. (4) 
Those crossing to end in the upper part. 

In the case of fibers ending in the ganglion from the ceph- 
alic direction, none were seen forming" such a dense sweep into 
each center from the sides of the connectives, although there 
were a few fine ones of this sort. Most of the fibers leave the 
‘^punktsubstanz ” to run in the connectives without great devia- 
tion from a straight course, (d) Fibers passing into the con- 
nectives from cells within the ganglion. There may be dis- 
tinguished in many of the preparations cells with their fibers 
well stained, the more central of these may be more clearly 
seen in some cases. Some of the larger more central cells seem 
to be merely for association within the ganglion, with all of 
their processes ending within it. Others send one main pro^ 
cess up one connective and another down into one of the other 
great masses of fibers. Other cells of medium or small size, 
located chiefly at the sides of the ganglion send one long process 
into one of the nerve trunks while the other shorter process 
may run for a short distance in the connective trunk or be lost 
in the central mass of the ganglion. 

THE FIBERS OF NERVE TRUNKS. 

These have already been spoken of to some degree. Most 
fibers of both cephalic and ventral nerves seem to enter the 
central part of the ganglion and are lost track of in the ‘Tunkt- 
substanz,” but both the lateral and ventral trunk-fibers are 
continued into the connectives in the cephalic direction at 
least, and possibly to some extent in the caudal, although this 
was not determined. In the case of the lateral trunks of all 
the abdominal ganglia, there is a possible sensory tract enter- 
ing the cephalic edge of the nerve center without coming to the 
central “punktsubstanz” or having any communication with 
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nerve fibers, running along the outer side of the connective a] l 
for the most part ending in the basal portion of the ganglion nc t 
above, near or across the middle line. A similar tract to t: s 
has been described coming from the two most lateral trur. -5 
in the last ganglion. 

These fibers which enter from cephalic lateral trunks sei ri 
to stain among the first and in the case of some other inse ts 
were found to come from bipolar sensory cells at the periphe v 
and I still think that they are to some extent sensory, but th^ se 
tracts which have no communication with the cells of the gan- 
glia with which they are connected are not all of the sensory 
fibers of each nerve center, for the ventral branches have many 
sensory fibers and these do not follow exactly the same path, 
and in the case of the first- seven abdominal ganglia many of 
the fibers could be traced from the branch 2 , which so far as 
could be determined was a decidedly motor- trunk. 

Fibers other than those coming from cells on the opposite 
side to run into the branches as motor axones, are directly 
supplied by cells on the same side, long branches from certain 
cells run into the various motor trunks while the other termina- 
tions arc in the ‘‘punktsubstanz.” 

Fibers from the periphery or from sensory cells enter the 
ganglion from both main trunks and are of the following 
groups: (a) Those ending within the ganglion to which the 
trunks are connected, the exact termination of these I could not 
make out, but some at least ended near the central part of the 
ganglion, although very often arborizations of the terminations 
could be traced both on the same side and on the opposite side. 
Fibers entering straight from below in the last abdominal broke 
up into branches near the middle line with arborizations in the 
central margin of the ganglion. 

(b) Those passing from one ganglion to the next without 
sending branches to the center to which the nerve trunks are 
connected, some of these fibers may run past one or more 
ganglion, but the most of them form a definite tract from the 
periphery by way of lateral trunks, running on the outside of 
the connectives, and turning sharply in towards the middle 
line in the caudal portion of the central mass of fibers, to end 
here or a little higher up, or to cross over and end in the “punkt- 
substanz’' of the opposite side not far from the middle line. 
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(c) Those passing from the periphery into the nerve trunks 
(.1 having extensive arborizations in the ganglia to which thev 
; connected and then passing on to another ganglion with 
. )orizations in it. Only a few of such fibers were distinguished 
r r in connection with the 8th ganglion was the clearest case 
,\ nerve fiber from periphery was easily traced into the 1st. 
lii .eral trunk, a branch from this fiber was given off in the ceph- 
aiic and lateral region of the ganglion, this fiber could be traced 
into the “ punktsubstanz ” of the nerve center, some of its arbori- 
zations ending on the same side and one branch was traced to 
the cephalic region of the other side, while the main fibers passed 
up the connective and ended by arborizations in the “punkt- 
suhstanz” of the ganglion next above chiefly on the same side 
in the caudal region. 

ABDOMINAL GANGLIA STUDIED IN SECTION. 

Individual cells and fibers »were not so easily traced by this 
method, but general masses of fibers and the location of cfell 
groups were determined. 

All of the ganglia, connectives and nerve trunks are inclosed 
in a chitinous envelope which in many cases is very close to the 
nervous tissue but usually separated by neuroglia cells. This 
envelope is especially thick about the connectives just before 
and just after they enter a ganglion, it appears as a uniform 
mass in section with large and smaller openings where trachea 
penetrate it. 

In places under the chitin of the ganglia, especially on the 
dorsal side, there are large spaces with little or nothing in them 
but delicate neuroglia networks. The trachea radiating in the 
chitin covering the connectives and ganglia have already been 
referred to; as stated in a previous paper large branches and 
fine tracheoles run to the nervous system and are distributed 
to all centers and their branches. These are superficial or run 
in the chitinous sheath, and the deep, supplied in part by the 
superficial twigs but chiefly by larger special branches and 
enter the ganglion and connectives. In these connectives it 
is easy to see numerous openings, large and minute between the 
masses of nerve fibers, and in cross section the air tubes are 
shown to be fully as numerous as one would expect from a 
study of surface views where all the trachea were made to show. 
Iracheal tubes within the ganglia are particularly noticeable 
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in the centers of bundles of fibers and most easily seen in the^: 
traced from the connectives. The exact place and method t 
termination was not determined. Injections of fluids into tl: ^ 
ganglia by way of trachea failed to penetrate any of the finer 
branches. 

All of the abdominal ganglia seem to be of practically tl ?! 
same type, but individual variations occur. 

In all of the nerve centers the cells are grouped for the mo4 
part on ventral and lateral portions of the ganglion and towart^s 
the caudal end, a few cells occur on the dorsal side especially 
near the middle line and these are often quite large. 

Description of 4th abdominal ganglion traced by sections 
beginning at the caudal end: 

The connectives entering from the ventral side are easily 
followed as distinct longitudinal masses of fibers well up into 
the ganglion, these connectives as well as others in other parts 
of the nervous system are coqiposed of numerous closely 
packed longitudinal fibers, scattered between these are the 
openings of trachea, when the ganglion is reached the chi tin 
for each of the connectives becomes fused into one mass and 
farther in the central portion of chitin between them disap- 
pears and the tw’O bundles of fibers are more or less crowded 
against each other. Farther up into the ganglion the fiber 
bundles do not occupy all of the area under the chitin because 
large spaces on all sides occur and then soon cells in a single 
layer are found close to the wall of the ventral side, and then on 
the dorsal side a very large cell is found wedged in between the 
two bundles of fibers. Some of the cells of the ventral side 
may be seen at this level sending fibers into the two longitudi- 
nal bundles. The single layer of cells on the ventral side 
becomes a double row of medium and small, and the large cell 
of the dorsal side gives way to a group of small ones and there 
comes to be on the ventral side two groups of fibers running 
more transversely, probably made up in part from fibers con- 
nected with the cells appearing on the ventral side. 

Farther up these ventral nerve cells extend out laterally so 
that numbers of them might be seen from the dorsal side. No 
cells are left for a distance on the mid- ventral line, and they 
disappear from the mid-dorsal line also to some extent, but 
before they are gone fibers can be traced about the connective 
bundles and to the cell region of the ventral side. At this 
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; -,-el there are nerve fibers seen between the cells on the ventro- 
: :eral margins of the ganglion and fibers connected with these 
I ^ons of the nerve center join the bundle from the cells on the 
c rsal side, on the ventral median side of the ganglion, while a 
t; ird runs in from these cells into the central part of the longi- 
tudinal fibers. We have then at this level three transverse 
bandies of fibers crossing from the lateral cell groups, a dorsal, 
g, ventral and median and a little farther along we have also a 
bundle of fibers running across the section but from the dorsal 
to the ventral side and uniting to some degree with the three 
right and left commissures. Other little branches from these 
main ones and other tracts from the lateral cell groups also 
invade the longitudinal bands from the connectives. 

A little above this level again on the ventral side a single 
layer of cells appears in the middle line and no cells are seen on 
the dorsal side except laterally. 

A little above this, the lafge ventral trachea enter passing 
through the cell layer and breaking up into numerous branches. 
The central fibrous mass of the ganglion is largely made up of 
longitudinal strands in all levels so far and besides the com- 
missures mentioned there are usually a number of fibers crossing 
irregularly both dorso-ventrally, laterally and obliquely espe- 
cially at about this last level. None of them are large and the 
great mass of fibers remains longitudinal. It is at about this 
level that the ventral nerve trunks come off from the lateral 
and ventral sides of the ganglion from the central part of the 
latero-ventral cell mass, just before the tracheal trunks are 
reached. Fibers from this trunk may mingle with the cells of 
this region and are also continued into the central mass of 
fibers of the ganglion. 

Beyond this point the cells become thin again especially 
ventrally and also laterally, the central thickest part of the 
ganglion is now reached and the fibers form a rather large dense 
mass. Longitudinal ones may still be seen mixed in with 
numerous lateral and transverse strands all bound up together 
into a dense fibrous mass with no very marked special tracts or 
strands except for quite a well marked short broad median 
commissure of fibers connecting more intimately the two 
already well fused masses of each lateral half of ‘ punktsubstanz.” 

Slightly beyond this, the cells have about disappeared, only 
•a few remaining at the dorso-lateral edges of the ganglion. 
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Beyond this something of the central commissure remains, man 
of the other crossed fibers in the central part of the ganglio 
have disappeared. A bundle of fibers partly transverse an 
partly fused with the central longitudinal bands begins to b 
seen on either side of the ganglion ventrally, these are parti 
mixed with the main longitudinal tracts. They are endings ( ; 
the bundles of the lateral nerves to be followed later and migh, 
be called lateral nerve tracts. At this level a few scatteriniT 
cells on the ventral side and two small dorso-lateral groups, one 
on each side of the ganglion indicate about all of the cell masses 
seen low^er down, while in the mid-dorsal line a new group of 
dorsal cells makes its appearance and sends fibers through the 
central part of the ganglion as a central tract which breaks up 
laterally and can be traced to various parts of the central fiber 
mass of the ganglion. For several sections these fibers become 
quite prominent and the central commissure seems to be lack- 
ing, then as this central tract disappears higher up, another and 
a better marked commissure comes to view running trans- 
versely through the center of the ganglion from side to side. 
At this level cells again come into view laterally. The ventral 
tracts of the lateral nerves become more prominent and there 
is a dorsal band of fibers close to the edge of the “punktsub- 
stanz ” on the dorsal side. This last is parallel with the median. 

Slightly beyond this a few cells are seen on the ventral side 
laterally, two of the same commissures, a dorsal and a median 
may be seen, but the lateral cells have disappeared to give place 
to the entrance of the fibers of the large lateral nerves. These 
fibers for the most part run directly into the lateral nerve tract 
noted above when it was seen more caudally. Beyond this and 
beyond the entrance of the lateral nerve, a few cells are seen 
laterally, one or so in the mid-dorsal line, and the dorsal and 
median connectives disappear and only a few tangled , fibers 
replace them, although for a few sections the great sweep of 
transverse fibers is continued from side to side, from the lateral 
nerve tract. 

Above this no commissure or cross fiber of any sort connects 
the lateral halves of the ganglion and a small group of nerve 
cells comes to lie on the middle line and dorsal and ventral to it. 
At the line of separation of the lateral halves, the tracts of the 
lateral nerves can be distinguished as a dense mass on either 
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,le of the longitudinal fibers which are continued out into the 
nnectives. 

Above this as the cells disappear and we come clearly into 
e region where there are only longitudinal tracts, these may 
; followed and they are indistinguishable from other fibers of 
e connectives. The reason why the lateral tracts could be 
i Id from the longitudinal for such a distance was because they 
^.cmed denser and stained more deeply. The fibers in the 
crphalic connectives have about the same arrangement as the 
caudal ones. 

In other abdominal ganglia, ventral and lateral groups of 
nerve cells were more clearly seen contributing to the com- 
missures and ^hc central tracts. Some of the fibers of the 
lateral trunks end in the central portion of the ganglion, prob- 
ably in cells. 

The tract of the lateral trunk needs a word of additional 
comment. In preparations made by a method that removes 
the cells and all but the denser fibers so that little more than a 
skeleton of the fibrous framework is left, it is found that a 
transverse portion connecting the two sides of the ganglion is 
much denser than other parts of the fibrous mass and under the 
highest powers of the microscope, this seems to be very finely 
granular as well as fibrous and is continuous from side to side 
between the nerve trunks. This same fine granular substance 
with fibrils in it was traced up into the connectives a short dis- 
tance, and as many fibers are seen to end in this region it may 
be due to a dense grouping of their endings that there is a 
deeper color at such a place. Similar substances to this only 
in more isolated portions is found in other, parts of the ganglion 
and in other nerve centers. In specimens stained with ordinary 
hematoxylin there is no differentiation between this substance 
and the general fibrillar mass. 

The eighth abdominal ganglion is similar to the others 
except that the connective fibers begin within the ganglion and 
there are more commissures developed. The first lateral 
branch can be easily traced out into the connective on the out- 
side, fibers also deeper in go on up the connective, while still 
others enter the ganglion and are distributed to all parts of one 
side and probably also across to some extent, as there are 
numerous cross connections, by means of at least three of four 
well marked commissures, besides irregular fibers. Other 
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branches also send fibers to the central mass, some of these rui* 
straight through, while others seem to cross in commissure , 
or end. 

In general then, there are in each abdominal ganglion, celi . 
on the ventral caudal region, on the lateral sides, and a few 
the median dorsal side. These cells surround a central fibrous 
mass made up of strands running longitudinally through the 
ganglion from the connectives and best marked in the cephalic 
and caudal parts ; fibers running across from side to side, these 
run in about three commissures, a dorsal, a ventral and a 
median and at various cephalic and caudal levels these com* 
missures are interrupted. The lateral nerve trunks may be 
seen to contribute largely to the formation of thfe large ventral 
commissure. The other cross connections seem to be more 
exclusively from cells on the sides of the ganglia and from these 
cells also other cross or diagonal fibers may be followed. 

The dorsal group of cells which seems to be to a large 
degree for association, sends fibers through the ganglion to the 
cells of the lateral and ventral groups, so that these fiber tracts 
may be found above or below the commissures penetrating to 
the opposite side, or part way through when the median com- 
missure is present. 

THORACIC GANGLIA. 

Methylene blue method. (Fig. 3). 

The three thoracic ganglia are quite a little larger than the 
abdominal and the branches come off differently. 

There are on each side three main trunks the most cephalic 
of these has its most cephalic branches pure sensory, but No. 2 
was not determined, also No. 1 of trunk B or the middle trunk 
seems sensory while other branches of the middle trunk are 
more or less mixed and the last which goes into the leg is also 
mixed. So then the more cephalic nerves are sensory while the 
rest seem to be mixed. The exact nature of the two parts of 
the last or leg branch was not determined, but there was no 
reason from the staining reactions to indicate that they were 
of greatly different composition. 

In the thoracic region as in the abdominal, the main trunks 
easily took up the stain, but here greater difficulty was encoun- 
tered in surface studies because of the larger opaque mass of the 
ganglion. Cells and fibers were however made out and found 



• 11 ] 


Nervous System of Corydalis 


233 


be in a general way similar to the conditions found more 
iidally. The main tracts of the connectives and of the nerve 
links enter the central portion of each center as in the abdom- 
: il region, but their distribution within was harder to make 
, t. There were tracts entering the last thoracic ganglion 
r m below, leaving it again as in the abdominal centers. 



3- Fig. 4, 


3. Third thoracic ganglion from below. Methylene blue. x30. 

Fig. 4. Connective branch leading off between the 2d and 3d thoracic ganglia, 
nerve fibers from above and below enter the nerve tnmk from the connective. 
Also large and small nerve fibers shown. Methylene blue. x4o. 

Tracts from the first abdominal pass up the outside of the con- 
nective and cross over into the middle line, but from the third 
thoracic to the second, and from the connectives of the second 
to the first no such tract was clearly recognized. Fibers enter- 
ing laterally both from motor and sensory nerves all pass in 
towards the central part of the ganglion. In other words there 
was no indication of a tract passing from cephalic branches into 
the edge of the ganglion to run without termination up the out- 
side of the connective to the next center. But there was an 
indication of fibers passing through or into one ganglion from 
the one below it. 

In the cephalic part of the thoracic ganglia fibers coming 
from above may some of them be traced as a fine tract ending 
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in the cephalic portion of the ganglion. Other than the - 
differences, there were no essential ones between these ner' 3 
centers and those of the abdominal region. 

In regard to the arrangement of cells as shown by methyle 3 
blue, it was fourid that the low^er ventral and lateral regie s 
had the greatest number, great masses of them, with mary 
more cells than in the smaller ganglia. For the most pr. t 
similar arrangements of individual dbers were seen. Ner 'e 
cells sending fibers directly into motor trunks, cells of medii: n 
or rather small size, were observed, but these were few in nurv 
ber. Most of the cells seen had their processes running inio 
the “punktsubstanz of the ganglion. Large and smaller asso- 
ciation cells were found as in the lower regions and of various 
sorts such as already described for them, some at the surface of 
the ganglion other at the edges of the “punktsubstanz.” 

between the third and second and the second and first 
thoracic ganglion, there are branches off from the connectives, 
a pair between each of these, and between the subesophageal 
and the first thoracic there are two pairs. The upper of these 
last were not so well stained in any of the preparations but all 
of the others were quite w^ell colored and found to be motor. 
These branches when studied as to their composition did not 
differ much from each other and in each one, fibers could be 
seen descending to run out the nerve trunk from the ganglion 
next above and also from the ganglion below. These two 
tracts of fibers entering the lateral trunks were clear and dis- 
tinct from each other for quite a distance into the nerve trunk. 
(Fig. 4). 

THORACIC GANGLION IN SECTION. 

(Plate XV, Figs. 1-4.) 

The internal structure of the thoracic ganglia is much more 
complicated than the abdominal, due to the fact that the larger 
branches from the more numerous nerve cells are more inti- 
mately woven together, and it was practically impossible to 
follow commissures or tracts very far except in a very general 
way. However, a general description as detailed as seems 
necessary will be given of one of the thoracic ganglia, the first. 

From above the connectives which enter as in the abdom- 
inal ganglia are in every way similar. Not many cells are seen 
scattered in the upper part of the ganglion, then two large 
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, . oups appear ^one on each side lateraHy and a small ventral 

, ™p (ftg 1-3 Phte I), These the „r“ 

^ th large and small cells are at least three deep The three 
cups a httle farther along become united by a single row of 
t C'ls which farther up becomes double layered and all the cell 
.. .nips are not distinguishable in the single mass. There are 
iiiMD at about this level as a part of this mass a few cells in the 
n.id-ventral line between the bundles of fibres of the connectives 

Farth^ up, the connective tracts are less clearly all lonei- 
tudinal fibers and the lateral part of the nerve cell mass gives 
way for the entrance of the first or most cephalic of the three 
nerve trunks, the fibers of which pass into and mingle as trans- 
verse and dorso-ventral fibers in the connective tracts The 
fibers of this nerve are very extensive and may be followed into 
the center of the ganglion, both dorsally and ventrally. Fibers 
from the ventral cells on either side of the ganglion enter the 
center of each lateral half from below and are there lost and 
partly pass into the nerve trunk. Fibers from the cells in the 
mid-ventral line, which cells form a wedge shaped mass at 
higher levels between the connective masses, run to the dorsal 
side of each of these masses of longitudinal fibers, and from 
here circle about to become associated with the fibers of the 
nerve trunks and with other more median strands on each side 
of the ganglion and with the strands described above which 
come from the ventral mass. Slightly beyond this part and 
nearer the center of the ganglion the two central masses of 
fibers or connective masses become fu,sed together, the cells 
disappear and commissures, a dorsal, a ventral and a median, 
connect to some degree the sweeps of fibers already described' 
(Fig, 4, Plate XV, just above this level.) 

Farther down, two commissures, a median and a dorsal are 
seen but numerous fibers cross the middle line at many levels 
and angles. Farther on but one commissure can be noted 
a ventral, but many other fiber.s cross at different angles and 
the whole lateral portion of the ganglion is a dense system of 
complicated interlacing fibers having a dense meshwork. On 
the lateral part of each ventral half the fibers stain darker, 
probably due to more numerous fine branches in this region 
and on the dorsal median line a little wedge shaped group of 
cells makes its appearance, the only cells of this region. These 
send their fibers through Mie center of the ganglion to the ven- 
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tral side while a central commissure crosses these to end in le 
tang ed mat of fibers on either side of the gangliom Fart .r 
IS these dorso-ventral bands a little one side of the m.c. He 
line do not cross the now larger central commissure but ru, ,n 
to it as do the other fibers from the ventral side, rum ng 
from the more deeply stained ventral mass already spoken ot, 
Farther along and at the level of the next nerve, three t ,n- 
missures, a ventral, a dorsal and a median may be.again re. og 
nired while the fibers of the middle nerve both end m the lat ral 
nSLs of the fibrous mass and contribute to the three comrns- 
smes ' In this level only a few scattering nerve cells were seen. 
Beyond this a ventral, almost a lateral group ^PPears agam on 
each side and fibers from these form a litUe arch about the now 
Waller mass of darker staining fibers. On the mid-dorsal line 
fiters from this arch and others from these cells also ramm 
too all parts of the ventral portion of the ganglion. Along irom 
tih the dorsal part comes to be separated into two separate 
rnLses of longitudinal fibers of the connectives again, far- 
ther along the arch becomes in its dorsal portion fused into a 
meLn cLmissure which soon disappears as the cleft between 
The connectives becomes deeper and reaches way down to the 
now small area of deeply staining substance which now lorn, 
r^entral commissure. The ventral cell group has become more 
Leral at this level and another large group has come m ,nst 
dorsal to it, but still only on the side. In the mid-ventral line 
also there has come m a small new group of 

The last nerve trunk comes to be associated with this com- 
missure of deeply staining fibers on the ventral side and farther 
along fibers also pass freely into it from the lateral group ot 
Jells which has been spoken of as coming m more dorsally, th. 
for a time remains distinct from the other more ventral groups 
Along farther these cell groups unite to form a large thick 
single lateral mass and from them more fibers run into the com 
missure of deeply staining fibers and Punktsubstanz. 

Soon after this the commissure breaks through as the tto 
connective bundles separate, each with a 
mass which soon disappears as do the cells of g 
Although the above description js only a ve y g 
it will be seen that the ganglion is more complicated than 

abdominal, but the general plan of „i- 

is as in the abdominal region. The nerve cells as in the abdomi 
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. gangHa are chiefly grouped in the caudal, cephalic and 
■ itral regions and may be seen to take direct part in the for- 
, .tion of commissures as well as diagonal strands. While 
, -sal cells on the median line and ventral median cells, send 
t: rs through the ganglion dOrso-ventrally, as well as as’socia- 
t 1 fibers to different tracts and lateral groups. In both 
t; racic and abdominal ganglia dark staining masses made up 
o; very minute fibers fused together are chiefly found on the 
Vi jtral side and associated with a ventral commissure 



Fig- 5- 


rrnJ'.u' central nervous system, (a) Motor nerve cell 

fr-vr It r thoracic ganglion, (b, c and d) Association cells from the. same. 
It) Lells from the brain. xlOO. 
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THE SUBESOPHAGEAL GANGLION. 

(Figs, 6 and 7, Plate XVI, Fig. 5.) 

This ganglion is larger than the others described, and is ess 
flattened and less easy to study from the surface. The brant 
have already been traced quite well to the periphery and I ,vill 
only mention them briefly. 



Fig- 6 . Fig. 7 . 


Fig. 6. Subesopbageal ganglion from the ventral side. Methylene blue. x30. 

c connective with brain. 

CO commissure 

mx maxillary 

111 mandibular 

1 labial 

g gustatory 

Fig. 7. Subesopbageal from the dorsal side. x30. 

The caudal portion of the ganglion becomes thick soon after 
the connectives have entered. The cephalic lateral portion of 
the ganglion is connected with the supraesophageal above by 
two large connectives, but smaller tfian those from the 1st 
thoracic ganglion. These cephalic connectives or crura cere^ 
bri are connected together a short distance away from the gan- 
glion by a cross branch or commissure. 
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;rom the cephalic end there are three pairs of large nerve 
t,. ks, the mandibular, the maxillary and the labial The 
dibular is the largest the labial the smallest and most 
, ral. All appear to be mixed nerves, both sensory and motor 
iither side of the middle line on the cephalic border are 
t„, small nerves, the gustatory, which are motor in part at least 
On 'ither side of the ganglion not far from its central portion 
is n small ventral nerve and not far from the connectives near 
tk entrance of the caudal tracheal tubes are the small salivary 
ners os. I know nothing of the composition of these two last 

The dense central mass of the ganglion prevents one from 
tracing nerve fibers very deeply in surface preparations, but a 
few more fortunate specimens gave now and then a fiber or a 
tract which could be easily followed. In general with the nerve 
trunks and connectives of other ganglia, these bundles of fibers 
entered the central portions and like them, too, the nerve cells 
were chiefly grouped on the sides with scattering cells on the 
dorsal and a denser mass on the ventral and caudal portions, 
but in this the dorsal side has more cells than was usual with the 
other ganglia. The same arrangement of cells and fibers was 
noticed as in others, that is, most of the peripheral cells could be 
seen to send their processes into the central portion. Fibers 
from the connectives above and below could be traced through 
the ganglion, but there were such masses of them that it was 
difficult to tell whether they were branched or not. 

Fibers from the lower connectives were seen to end in the 
caudal portion of the “punktsubstanz”; (a) On the same side, 
(b) Crossing over the middle line. These were both superficiai 
fibers and resembled those in the bases of the abdominal gan- 
glia. Probably deeper fibers end higher up. 

Fibers running down the upper connectives run : (a) Down the 
connective to end m the central portion of the ganglion; (bj 
Down the connective'to end in the caudal region of the ganglion. 

Probably among both of these groups of fibers there are some 
which cross over into the opposite side of the ganglion. 

Fibers running down the connectives and crossing over to the 
opposite side through the commissure connecting the crura cere- 
bri; (a) Cross over in the commissure to the opposite side and 
run down to end in the upper or lower portions of the ganglion. 
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Two other sorts may be given although no complete libers we ^ 
traced through such a course; 

(b) It seems probable from the specimens that fibers cross ) 
the opposite side in the commissure and run over to the opj 
site side of the ganglion: 

(c) Probably some fibers cross in the commissure and r -n 
back to the brain. 

Fibers running straight through the ganglion from abr 'e 
and from below were not traced but it is very possible that si .'h 
are present as in other ganglia. 

THE NERVE TRUNKS. 

The mandibular branch sends its fibers into the cephalic 
dorsal border of the ‘ ‘ punktsubstanz.” Some of its fibers seem to 
end here, others pass in deeper. 

The maxillary sends its fibers into the very center of the 
upper half of the ganglion and here some of them seem to end or 
cannot be traced farther in surface views. This is true of the 
more cephalic branch of the maxillary in part at least, while the 
rest of the fibers of this and those of the caudal branch are 
traced in laterally a little farther down. 

The fibers of the labial nerve; some of them run in deeply 
about where the branch enters the ganglion, others go down 
farther and may be traced as far as the place where those of the 
ventral nerve trunk enter the mid-lateral portion of the central 
fibrous mass. 

The salivary nerve fibers run in and can be traced to near 
the point where the ventral nerves were. 

The small gustatory nerves run some distance down into the 
ganglion from the point where they take their exit and a motor 
nerve cell was found sending out its axon directly into this 
tract. 

SUBESOPHAGEAL GANGLION STUDIED IN SECTION, BEGINNING AT 
THE CAUDAL END. 

The connectives which run up to the subesophageal ganglion 
are much like the others described. As the caudal portion of 
the ganglion is reached these two longitudinal tracts of fibers 
become fused although they may be distinguished from each 
other. A group of nerve cells appears on the lateral sides, and 
a group of large ones on the median side dorsally, some of these 
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^ etrate in between the tracts and a few cells appear ven- 
; ily on the median line, while the cells become more numerous 
].- rally. The salivary nerves enter latero-ventrally and unite 
V. h the mass of longitudinal fibers. The cells disappear dor- 

V, but some are between the mass of fibers of each con- 
nt rive and the lateral cell group has become more ventral. 
'I' re is at this level a transverse commissure on the dorsal 
and fibers running down ventrally in the ventral line. 
F^L ihcr along the fibers do not so many of them run from 
(dorsal to the ventral side and a median commissure comes to be 
formed. More cells come in laterally and ventrally and these 
scialing their fibers into the central mass contribute to its 
complexity. These cells also run into the large but ill-defined 
median commissure. 

Two little spots of darker more dense fibers come in on the 
ventral side and fibers from the ventral cells form an arch 
about them. 

Farther cephalad the median commissure becomes less well 
defined. The dorsal is lost and a median group of cells comes 
in dorsally again. Fibers from the ventral and dorsal cells, 
especially the former go in curved sweeps to the dorsal and 
ventral sides of the fiber mass, fibers also run in laterally from 
the lateral cell groups. Farther along no clear commissure can 
be seen, but sweeps of fibers cross from both sides, those of 
opposite sides interdigitating to some degree. The ventral 
darker mass of fibers mentioned a short time ago has now 
become a transverse mass and is larger, being joined by fibers 
from the labial and ventral nerves. At the level of this entrance 
only a few scattering groups of cells are seen. 

The dark fiber mass becomes expanded to the center of the 
“Punktsubstanz.” 

The broad cerebral cruri are reached. From the central to 
the dorsal side laterally four small groups of nerve cells mostly 
small, with now and then a large one are seen. Fibers from the 
cerebral crus can be traced to the center of the fiber mass and 
into one or more of the several irregular masses of dark fibers. 
Dorsally and ventrally fibers cross from side to side and run 
diagonally from the dorsal to the ventral side. Farther along 
a ventral commissure of dark fibers is present, some of its strands 
reaching up into the dark fibers in the direction of the com- 
missure and farther along breaking through it. A short dis- 
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tance cephalad of this point the ventral mass disappears and t , 
lateral halves of the general mass of fibers becomes distmgun ■ 
able once more as the upper region of the ganglion is reachc 
At this unoer region, lateral cells are no longer seen, there s 
however, a small group ventrally placed, either side of i e 
middle line and a small dorso-median mass. Fibers sent ,n 
from these curve up to run into the crus which may also at t! is 
level be seen to receive fibers from the middle and oppo^re 
parts of the ganglion by the way of a group of fibers ]ust ( -le 
side of the middle line and a group running from the center of 


the lateral central mass. , .r, •„ 

Tust beyond this last level at the place where the maxillary 
branch enters, a little group of nerve cells comes in between it 
and the crus Fibers from this large maxillary nerve run into 
the crus into the central and ventral portion of the ganglion and 
apparently across to the other side, while many of its fibers arc 
lost in the deeper staining central masses. 

Farther along the ventral cells become much more abundant, 
a wedge shaped group 6-7 layers thick with a few large cells. 
A few cells come in on the mid-dorsal line and some come in 
latero-ventrally just above where the maxillary nerve pins the 
ganglion, and some of these cells seem to contribute directly to 

the nerve. * r v 

The large mandibular nerve pins the ganglion on its upper 

border fibers come to it from ventral and dorsal sides of the 
ganglion and connections with the darker fiber masses in the 
center can be traced. Cells are now in masses both dorsally 
and ventrally as the cephalic end of the ganglion is approached 
and some of these at least seem to contribute directly to the 


The above description is a very general one, only the mam 
features of structure and arrangement were spoken of. ihe 
complexity of the ganglion is such that a general summary of it 
follows : 


(a) Cells . . 

The cells at various levels differ greatly. Beginning at the 
caudal end and passing forward there might be recognize 
about three main dorsal cell groups one after anther w i 
fuse and separate from each other at various levels. The median 
ventral cells are at first also separated from the other group. 
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1, : farther up they grow out laterally to become continuous 
^v: 1 the lateral and dorsal cells at various levels while they be- 
absent from the mid-ventral line, then become united 
ag in on the cephalic region where all the cell groups are joined 
together. In intervals where these groups are not in distinct 
a few scattered cells are often found. 

( 1 ); Connectives 

Ventral connectives. Fibers from these run straight into the 
aanglion for a short distance until the central tangled mass is 
reached. Only a few of the fibers in the central part of the 
ganglion can be seen to take a straight course through it. 
Many others run straight or nearly so for a short distance and 
then turn off sharply to one side. Fibers from the connectives 
seem to end at all levels and in practically all parts of the 
central fibrous mass and to be contributed to by cell masses 
especially on the ventral side, but also clearly on the dorsal. 
These fibers coming in from both sides of the ganglion at differ- 
ent levels and as single fibers or groups add considerably to the 
complexity of the ganglion as does the fact that many of the 
fibers from the connectives which run through to the crura 
cerebri and nerves do not always take a straight course or run 
to the same parts of the nerve trunks. Sweeps of fibers for 
instance, can be traced quite straight up on the ventral side of 
the ganglion and then may be seen to turn over to the dorsal 
side. 

Cnira cerebri. These have fibers from the caudal connect- 
ives but not nearly all from them can be traced into the crura, 
for they are smaller and have their own special fibers which 
come from almost every part of the ganglion. The cells in 
various parts seem to furnish many of these, some of which 
come from the same side, but single strands were followed 
running in the direction of the crura which were from the 
opposite side. Fibers may also be seen to sweep back into it, 
probably from the mandibular trunk, 

(c) Nerve trunks. 

Mandibular. Many of the fibers of this end in the first 
part of the fiber mass. A few apparently run into the crura. 
Some fibers could be traced from near the median central part 
of the ganglion in a line with the lower connectives. Some 
came to it from cephalic median cells. 
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Maxillary. Fibers were followed into this froni the low, • 
connectives and from the upper parts of the ganglion. Fro 
this nerve trunk some fibers seem to end near the ]unction ■ : 
the nerve with the central punkstubstanz. 

Labial. This is made up from fibers which enter the ve - 
tral central portions of the ganglion, just above the entrance f 
the small ventral nerves. They may be traced from the cc 
nectives up and from the upper portion of the ganglion dor a 
into these trunks and ventral caudal cells evidently contribir:e 
fibers to the mingled mass which is connected with the-e 
branches. 

(d) Commissures. 

The commissures connecting the crura cerebri have fibers, 
which cross from one side to the other in the case of descending 
or ascending strands. No other kinds were recognized although I 
think there is a strong probability that some fibers merely 
cross and do not descend at all. 

Within the ganglion there are a number of commissures 
connecting the lateral halves. Some of these are of straight 
fibers, others are closely woven deep staining masses. Dorsal, 
ventral or median commissures are found at almost every level, 
especially ventral ones, although not always clearly marked. 
A longitudinal section through the whole ganglion shows from 
three to four main commissures, a cephalic, a caudal and two 
median ones. 

THE SUPRAESOPHAGEAL GANGLION, 

(Figs. 8, 9, and PL XVI, Figs, 1-4.) 

The brain is made up of two larp ovoid masses distinctly 
marked from each other on the the middle line. It is connected 
on the ventral side to the subesophageal ganglion by means of 
the short, broad crura cerebri. All of the larger nerves come 
out laterally and of these there are three main trunks, the only 
ones to be considered at this time. 

Three portions of the brain may be made out each con- 
nected with these trunks. The most dorsal is the protocen- 
hrum, and it is also the largest and best marked and connected 
with the optic nerves which divide on each side into seven 
branches one for each ocellus. 
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The middle lobe of the brain or the deutocerebrum is the least 
n- :ked of any and its nerve trunk the antennal, is the smallest 
he three. It enervates muscles at the base of the antena as 
1 as sense organs in it and so is mixed. This lobe is best 
n on the cephalic and dorsal side and not at all on the cephalic 
VC ..tral. 



Fig. 9. 


Fig. 8. Supra- and sub-esophagcal ganglia with their attached nerves and 
ganglia. The brain is turned over cephalad. The sub-csophageal ganglion is 
dorsal, x30. 

a antennal fn frontal nerve 

clypeolahral v vagus ganglion 

f frontal ganglion o optic 

Fig. 9. Cephalic view of one half of the brain. Methylene blue. x30. 
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Finally the tritocerebrum is well marked as a little lobe ju; 
dorsal of the crus giving off the rather large clypeo-labi;,; 
trunk which with the arched nerve comes off as one. From tl ;• 
distribution of this it seems probable that it is mixed. 

This arched nerve runs ventrally and cephalad to unite . 
the middle line with the one of the opposite side in the from- J 
nerve ganglion. A branch from this small nerve center runs ff - 
ward as the frontal nerve, another runs back on the dor. :! 
surface of the esophagus to the small vagus ganglion, whi;ii 
sends two branches farther down the alimentary canal. 

General form of the Brain from Methylene blue. 

In successfully stained preparations almost all parts of the 
brain, especially the parts in from the nerve trunks are seen to 
be covered with nerve cells, both large and small. Those just 
under the chitin seem to quite completely incase the central 
dark staining portions of the ganglion. This central dark mass 
in each well separated lateral half of the ganglion is roughly of 
the same general shape as the surface. In the main part out 
from the median portion there is a lobe deep in and opposite the 
ocular nerve, this is in the central portion of the ganglion and 
connected with it, but extending down into the tritocerebrum is 
another lobe almost as large near the crus. 

Partly separated from the central lobe of “ punktsubstanz ” is 
a spherical mass of dark staining substance and out from this a 
little distance in the ocular lobe and beyond its constriction 
from the main part of the protoccrebrum is another little mass 
of deeply colored material. About each of these last little 
masses of “ punktsubstanz ” a special arrangement of cells is seen, 
while over the surface of the main portion of dark substance on 
every side the cells form a thick covering. 

Fibers running up the crura may be traced into the ganglion 
iri its dorso-caudal region. Some apparently run only to the 
lower portion of the “punktsubstanz," others may be followed 
farther up and are lost in the central area. ^ Fibers can also be 
traced to the central portion of the ganglion, to the medial 
portions and probably freely ramify all through the central 

mass. , 

Near the middle line of the ganglion some large cells on the 
surface were found with long processes extending down long 
distances in the direction of the crura and probably were con- 
tinned into it. 
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The great bulk of fibers connected with the crura seem to 
r origin or terminate in the central portion of the “punkt* 
bstanz/’ 

The ocular nerves enter the protocerebrum through large 
rve trunks which form a decided lobe on the surface of the 
t,, ,in. At the junction of this ocular lobe with the ganglion 
tiirre is a little area of deeply staining substance mentioned, 
bciore and back of this are nerve cells, and also a few cells on 
the eye side of the mass. These may be seen to send their 
processes into a dark mass and in towards the main part of the 
brain. Fibers run out the nerve from the ocular lobes’ deep 
staining mass and into the spherical body before mentioned and 
into parts of the “ punktsubstanz ” near it, the former are pro- 
cesses from cells located near the ocular “punktsubstanz.” 
About the spherical mass may be seen many nerve cells whose 
fibers are connected with it. 

Nerve cells on all surfaces of the protocerebrum are very 
numerous and may be seen sending their processes into the 
central fibrous mass of the ganglion. 

The deutocerebrum is less marked than the other two 
ncuromeres and the fibers of its nerve, the antennal, come in 
closer to the clypeolabial segment of the brain than the ocular 
portion. The fibers of the antennal nerve can be traced as a 
distinct band for nearly, one-half of the distance from its 
entrance to the middle line, where they seem to end in a mass of 
deep staining fibers of the clypeolabral trunk where it joins 
the main central portion and here at least some fibers can be 
seen to end well towards the caudo-ventral portion of the 
ganglion. 

The tritocerebrum is best marked in the dorso-cephalic side 
of the ganglion where it lies over the crus. The fibers of its 
nerve seem to be of two sorts. The labral part is often stained 
while the arched nerve portion is clear. Both branches enter 
the ganglion and plunge at once into the mass of deeply stain- 
ing fibers. Not quite so many cells were stained overlying this 
region in the specimens prepared. Some of these sent fibers 
more or less directly into the central mass while others as in 
other surfaces of the brain seemed to be association cells in a 
small area. 
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SMALL GANGLIA OF THE HEAD. 

Connected with the arched nerves somewhat cephalaid of t le 
brain is the frontal ganglion. This in well stained preparatirag 
may be seen to have a central deep staining mass surround 
by nerve cells, the processes of some of which run into die 
central mass, while those of others run out from the cell, 
down into the nerve which runs under the brain and conntits 
this with the smaller so-called vagus ganglion. This Iasi is 
like the former only smaller and fewer cells surround the ceniral 
mass, some of the fibers run from this and probably also ratlier 
directly from the cells of the ganglion, down and out the two 
caudal branches. Occasionally the two lateral ganglia of the 
esophagus take the stain but their connections or structure was 
not especially studied. They seemed to differ from the other 
two ganglia, as they showed from the surface no nerve cells, the 
whole body taking on a uniform deep blue color. Sections 
showed them composed of very many cells closely massed 
together. 

Sections of the frontal ganglion show a small mass of cells 
quite well filling the caudal end, a few larger, but mostly 
smaller cells of the same general sort found in other places. 
Of these there were about two large and eight smaller ones at a 
level where the ventral nerves come off on each side of the 
“Punktsubstanz,” although farther cephalad than the place 
where these nerves are seen from the surface. Farther cephalad 
where there are only three or four large cells, fibers cross in 
various directions in the central portion of the ganglion. A 
large cell for instance was seen to send a process into the center 
of the ganglion where it broke up into a number of branches. 
Fibers cross in the various directions but most run longitudi- 
nally. At a level where a branch to the frontal ganglion arises, 
there are no nerve cells, the central part of the ganglion is 
divided into three masses of longitudinal fibers by trachea and 
cross fibers. This division is continued only for a short 
distance. 

Farther along a dorsal and a few small ventral cells come in. 
The central mass of fibers is rather uniform, but made up of 
both cross and longitudinal strands. A little farther cephalad 
three cells come in dorsally at about the level where the arched 
nerves come off. Fibers running from side to side connect 
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ese nerves through the center of the ganglion. 

The so-called vagus ganglion has a central mass of fibers and 

its ^jentral part a nearly double row of cells closely packed 
; out this central fibrous mass, these cells are continued down 
1 '.m the center a short distance, especially on the dorsal side, 

THE BRAIN STUDIED IN SECTION. 

(Plate XVI, Figs. 1-4.) 

Only the main features of the structure of this complicated 
Oi -an will be given at this time. Many of the elements of the 
brain of the adult may be present in the larva but for the 
pixipcr interpretation of these it will be necessary to follow up 
this work with studies on the ganglia of pupae and adults. 

As in the other centers, a central fibrous mass forms the 
bulk of the organ and about this central '‘Punktsubstanz” 
nerve cells are grouped in great numbers on practically all sides 
but the ventral. As in the other ganglia, large and small nerve 
cells and small neuroblasts are found, the latter are especially 
abundant and occur in great masses. Besides these, filling in 
between and in places where there are no nerve cells is the 
neuroglia network, which is often continued to the layer of sur- 
face supporting cells just under the chitinous sheath of the 
ganglion. 

In sections We may recognize the dense staining parts seen in 
surface views to be masses of fibers more or less complexly 
arranged in the central and ventral portion, more or less par- 
alleled by straight bands of the entering nerve trunks. vSome 
of the special denser masses of fibers have already been described 
from surface views as that in the ocular lobe just as it joins the 
brain and in from the little spherical area just within and 
beyond this point. These two masses although quite separate 
from each other dorsally, ventrally and laterally are centrally 
connected by fibers and are also connected to each other to a 
less degree in the same ^vay. The central fibers described in 
connection with the crura cerebri, are continued down into the 
labral lobe, but the^ deepest mass is in the central portion 
dorsally where it is somewhat lobed because of groups of cells 
on the surface and due to the processes of some of these cells 
passing down into the center. In this central ‘'Punktsub- 
stanz’^ either side of the middle line, is a well marked denser 
group of fibers, a rod of substance projecting from those on the 



250 Annals Entonwlogiccd Society of America [Vol, IV^ 

dorsal side of the brain. This xuns down to the .mid-vential 
line and there branches into two parts, one ventral, the otter 
dorso-lateral. Farther along each of these parts run (jaudally 
as a single piece, one ventrally, the other dorso-laterally and 
the middle portion of the rod and afterwards the dorsal part 
disappears in section because of the curve in it. Later .he 
lateral part disappears and the mid-ventral portion extends in 
towards the middle line to meet, but not unite with its fellov, of 
the opposite side, running caudally in this way some distance 
just above a ventral fibrous commissure and below a broad 
central one. In other words this body is a long slightly curved 
rod standing up in the ganglion with its base divided into two 
portions of which the lateral is shorter, the median longer 
and extends in towards the middle line. These represent the 
stalks and roots of the ^‘mushroom bodies,’’ the cup, such as 
described by Kenyon and others is not present and the special 
cells if developed were not recognized. This stalk and root of 
fibrous substance seemed to have a lighter core, that is in sec- 
tions it gave to some extent the appearance of a tube. The 
fibers which compose it are very densely massed together. 
Preparations in which the tissues were allowed to macerate 
showed them to be little affected. 

On the cephalic margin of the brain as on the dorsal side, 
the central fibrous mass as a whole is lobed as already spoken of 
and masses of cells fill in over these. The cell groups are 
difficult to describe in detail. The whole dorsal and lateral 
portions of the ganglia are covered with them, both large and 
small and in places many cells deep. There are almost no cells 
on the ventral side of the brain. 

Beginning laterally and dorsally we have about the spherical 
mass of fibers back from the ocular lobes, masses of cells, on 
the dorsal, ventral and mesal sides. A peculiar condition of some 
of the dorsal and ventral sides of this mass is the appraent epi- 
thelial character of some of the cells. Most of these are very 
small and are probably neuroblasts. The epithelial character 
is especially marked in two places on each side because there 
are little cavities one dorsal and one ventral in the outer por* 
tion of the circular mass of fibers. (Plate XV, Figs. 1, 2, 3.) 
There are some fibers from the two lateral groups of cells just 
described which run both to the mesal group and out the ocu- 
lar nerve. This is also continued dorsally and forms all along 
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t - dorsal part of the ganglion a thick layer, in the middle 
ion of the brain. 

A group of large cells occurs dorsally either side of the mid- 
line,* most of these point ventrally or centrally and send fibers 
t-o rhe crura cerebri, to the commissures and to the central por- 
tv ns of the fibrous mass; theirs are the longest fibers recognized 
ff, n any cells in the brain. 

Out laterally and ventral to the ocular lobes in the region 
of ihe antennal lobe and just above the crura is a small group of 
nerve cells, sending fibers into the crura and into the fibrous 
su{)stance near that region of the brain. 

In the cephalic region the cells surrounding the spherical 
niass may be seen divided into a dorsal, a ventral and a median 
aroup of small cells, already mentioned, while larger ones fill in 
on the dorsal side and are part of the general dorsal mass. 
These and the median masses run together and separate again 
at various levels, groups of smaller and larger cells often alter- 
nating, and these are continued on the cephalic and caudal sides 
of the ganglion. One of the most marked is a small group of 
cells surrounding a curved lobe of the central mass of the 
ganglion and continuous with cells on the cephalic side of the 
brain. 

Fiber Tracts in the Brain. 

(1) The labial. Fibers seem to end chiefly in the dense 
fibrous mass located in the labial lobe. A few fibers could be 
traced doubtfully into a dorso-lateral group of cells. 

(2) Antennal nerve. Fibers from this end in cell groups 
either side of it. Fibers pass down ventrally into the lateral 
central part of the punksubstanz ” in large masses where some of 
them end, others cross to the ventral side and run in strands 
back in the main tract of the crura towards the other side. 
Others run towards the crus of the same side and apparently 
into it. 

(3) Ocular, Fibers seem to end in the lateral mass of the 
ocular lobe, numbers of them connect this with the more median 
spherical “punktsubstanz.” Fibers connect these two masses 
and fibers from the surrounding cell groups run into one or 
both of them. 

Fibers connect the ventral epithelial-like cell region with 
the lateral dark mass, and also with an adjoining group of small 
cells more medially situ^ed. 
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The more median ventral mass of epithelial-like cells lyii-; 
ventral to and slightly out from the spherical fibrous arra 
probably has connections with the larger more dorsal cel.>. 

The more dorsal of epithelial- like cells which are one si' c 
of a small cavity, send fibers into the lateral optic “punktsu 
stanz” and are connected by fibers with the more central dor- a] 
cells which adjoin it. 

(4) The Crura cerebri. The main mass of fibers goes up tj 
the central portion of the “ punktsubstanz ” on each side and 
receives branches from all parts of it and also especially from 
the median and lateral dorsal cell groups and probably also 
from lateral masses. A large part of the band runs ventrally 
and forms or is joined into a commissure with fibers from the 
other side. Fibers come into this last from all ventral parts of 
the ganglion from both directions, from ventral parts of the 
mushroom bodies, and from various lobes of the deep stainijig 
mass of the ganglion. 

(o) Commissures. Two commissures have been mentioned, 
a ventral which was described above. The other more medial 
is found toward the caudal region. It is short and broad. 


SUMMARY. 

1 . In the abdominal ganglia practically all the nerve trunkf^ 
and branches are mixed motor and sensory. 

In the thoracic ganglia, the three main trunks are mixed. 
Pure sensory divisions were found in connection with cephalic 
branches. The branches given ofi between the thoracic gan- 
glia and between the 1st thoracic and the subespohageal seem 
to be motor. At least the more caudal ones were determined 
to be, with fibers ascending and descending from the ganglia 
below and above. 

The three large nerve trunks connected with the subeso- 
phageal ganglion seem to be mixed motor and sensory. The 
other smaller ones were not determined, but the small gustatory 
nerves were motor at least. 

The three main trunks connected with the supraesophageal 
ganglion were all mixed but the ocular. 

2. Sensory tracts were recognized entering thoracic and 
abdominal ganglia and distributed to various parts of the gan- 
glion to which they were connected. That is distributed to 
one or both sides either as individual fibers or as branches from 
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ae. Some tracts were found distributed to the next center 
'jove as well as the nerve center to which their nerve trunks 
ere connected. Others were found passing in to the ganglion 
, which the trunk was attached but giving no branches and 
> issing on up to end in the next above or higher up. 

A number of fibers apparently sensory were found passing 
trough a number of ganglia without branches. These were 
f ' ten larger strands and although not traced as far as the head 
taere was no reason to doubt that some of them were that long. 

Sensory fibers and tracts were however traced into the large 
bead ganglia and were found distributed to all portions of the 
fibrous mass. Sensory tracts were easily traced in connection 
with the ocular trunk, connecting it with the special lateral 
masses of fibrous substance. 

.3. Motor tracts could be traced as having their origin from 
cells in the ganglion to which the motor trunks were connected. 
Motor fibers could be traced out of the ganglia some distance 
but were not followed in as much detail as the sensory. 

4. Association and descending tracts were recognized in 
all centers and at all levels of variable extent. Probably some 
of these were motor tracts. 

0 . Cells of 'many sizes were found in all centers. The 
largest and the smallest functional nerve cells seemed to be for 
association, those of the former sort having extensive aboriza- 
tions, the second kind being much less extensively branched. 
Many of the medium sized cells were found to be motor. The 
general type was uni- or bipolar with one long branch which 
might run out for a considcral^lc distance. Some association 
cells seemed to be ‘bipolar with long processes running out in 
both directions. Some association cells seemed to be uni- or 
bipolar with all the branches coming off and branching again not 
far from the cell. A few multipolar forms were seen. 

Neuroblasts were found to some extent in all ganglia, but 
great masses of them were especially noticeable in the brain. 

Neuroglia networks filled in places under the chitin where 
there were no nerve cells and also formed more or less of a net- 
work in the regions where they were present. 

6. Cells were grouped about the central fibrous mass in all 
of the ganglia. In the abdominal they were found to be espec- 
ially abundant in the caudal and ventral regions, although the 
cell masses extended out laterally in all, and there were 
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often well marked mid-dorsal masses of large and smaller cell 
as well as scattered cells in all parts. In the more cephai - 
ganglia, the cells are not quite the same in distribution. C( i 
groups and masses are found abundantly ventrally, but also t \ 
the dorsal and lateral sides and also great masses of them at t‘ e 
cephalic as well as the caudal end. 

In the supra esophageal ganglion, cells are especially abn > 
dant dorsally and on the cephalic and caudal borders, less abn-), 
dant laterally and ventrally. The cells are very numerous. 
Each side of the middle line a group was located with very 
long processes, the cells being mostly large. 

Other groups were densely massed lateral to these, both 
cephalad and caudally, some of them were large, others small, 
and two groups of small cells on each side out near the optic 
nerves were found with a cavity near them. 

Nerve cells were found partly surrounding two masses of 
fibers on each side near the optic nerves. 

From the distribution of the cells and fibers there was no 
evidence of the dorsal cells being especially motor and of 
a ventral, particularly sensory region as Binet was led to 
think from experiments. I would rather incline to Kenyon’s 
idea of ventral motor and dorsal sensory if I choose either of 
the two views, as undoubtedly most of the ventral cells in the 
thoracic and abdominal ganglia are motor cells, while many if 
not most of the fewer dorsal cells of these ganglia seem to be 
association cells, sending their fibers superficially over the sur- 
face or deeply into and through the fibrous mass to be associated 
with the cells and fibers of the ventral side. 

7. In all of the ganglia the central mass into which many 
of the nerve cells send theii processes has a very complex ar- 
rangement of fibers and nerve terminations. Certain portions 
of this mass in all are much denser than the rest. 

In the brain this central “ punktsubstanz ” is somewhat 
more intricate in its texture on the dorsal side than on the 
ventral and is more or less lobed while off from the central mass 
there are two smaller groups of “punktsubstanz’' in connection 
with the optic nerves on each side. In the central part of the 
brain is a stalk and root of a mushroom body on either side, but 
the cup is not present. The ventral portion of the ganglion is 
mostly made up of straight fibers. 

In all of the lower ganglia there are at almost any level, 
from one to three commissures recognizable, a dorsal, a median 
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nd a ventral. These are broken up at various levels so that 
here may be several, three or more, cephalic or caudal parts 
t these commissures. There are more in the 8th abdominal 
tid in the subesophageal than in the others. 

From dorsal to ventral sides also, fibers chiefly from dorsal 
. :'lls connect the upper and lower surfaces. 

In the brain there are two commissures a broad short median 
;:tid a longer ventral. Many other cross and longitudinal 
libers connect all levels. 

Cornell Univ., Ithaca, N. Y. 
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PLATE XV. 

A series of four photographs of cross sections through the 1st thoracic gangli. 
of Corydalis through a caudal level. The last figure is through the more centr ,; 
portion of the ganglion. Nerve cells show at the sides. The central fibrous tna ; 
is shown in all, and longitudinal fibers can be traced. In the last three figur ; 
cross commissures may be seen. The dark mass at the left or ventral side is ps-,. 
of the surrounding tissues and not a part of the ganglion. x60. 

PLATE XVI. 

Fig. 1. Photograph of a cross section parallel with the long axis of the bra;n 
through its central region. One half only shown. The dorsal side is up. The 
optic nerve is the swelling off at the right above, while leading off below is the 
broad crus. The dorsal masses of cells show, also central fibers and the stalk and 
root of the mushroom body. x7o. 

Fig. 2. A similar photograph from the same series cut farther one side, 
cephalad. x75. 

Fig. 3. Photographs of the larger cavity shown in Figs. 1 and 2. x250. 

Fig. 4. Section of the brain cut in a similar way as Figs. 1 and 2, but farther 
cephalad. The ventral side is at the left. The dorsal to the right. x75. 

Fig. 5. Longitudinal section of the sub-esophageal ganglion. Above the first 
branch to the left is one of the crura cerebri, the next it is the mandibular. Below 
the branch cut only through its edge is one of the ventral connectives. x7.5. 







STRUCTURAL STUDY OF THE CATERPILLARS — 
n. THE SPHINGIDAE. 

William T. M. Forbes, New Brunswick, N. J. 

This paper may be considered a continuation of that pub- 
;.,hed in the Annals of the Entomological Society of 
.\merica, III, 94 -132, with plates 10 to 20. The references to 
linires with the prefixed numeral I, refer to plates 13 and 14 of 
i^at article. 

In the caterpillar stage the Sphingidae may be defined as 
follows: With secondary hair on the body, epicrania, front, 
clypeus, maxillae and labium, but never on the antennae or 
distal parts of the maxillae and labium. There is almost 
always secondary hair on the adfrontals. It is present on the 
mandibles in Cressonia only, and the labrum bears a single 
additional hair in Po^chy sphinx. Front not more than half the 
height of the head (measuring here and elsewhere in this paper 
from the base of the front to the vertex. The frontal punctures 
are close together, and when distinct the primary setae are 
somewhat further from them than they are from each other 
but they are distant from the outer edge of the front. The 
lobes at the two lower outer angles of the front tend to be large. 
Adfrontals not very wide, often narrow, not extending between 
the clypeus and mandible when distinct in the lower part; 
puncture a little below the upper seta. Clypeus narrow in the 
middle, often grading into the membrane below. Labrum well 
marked, often with very deep notch; vi distant from the margin, 
and usually directly below ii. Mandible with a large scrobei 
bearing the two usual setae, one at the tip, and the other 
about half way out, toward the posterior side. Antennae with 
second joint most often twice as long as the first; the remaining 
joints exceptionally minute. Maxillary palpi stout, the second 
joint somewhat shorter than the first; submenta ill-defined, and 
mentum broad at the base. Spinneret broad, flat and short, 
with the usual three sclerites; labial palpi similar in form, and 
set obliquely to it, forming with it a sort of scoop (which would 
seem more useful in feeding than in spinning). 

Claws not distinctly notched, broadening abruptly at their 
base. Prolegs with a double row of hooks, about 20 to 60 in 
number; not very regularly arranged in Ilemaris, etc. The 
hair on the prolegs is never as rudimentary as higher on the 
body. 
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Secondary hair always minute, rudimentary, mostly visil e 
only under a lens; but the body is often roughened by t e 
tubercles; primary hair (hi and v alone are easy to identify 1 
in Proserpinus flavojasciata i and ii are marked by larger bk, , 
spots) often considerably better developed; but their tuberc 
are never raised, even when the others are. Segments w‘,h 
8 or 9 annulets, usually ill-defined in front. Usually wit! a 
wart, horn or peculiar marking on the dorsum of the eig- th 
abdominal segment — if a horn, bearing tubercles and secondr.rv 
hair. With other armature only in Ceratomia amyntor, Liul- 
neria eremitus and some exotic Smerinthinae. 

Tree-feeders with a few exceptions (L. eremitus, Deilephiia, 
Protoparce, Choerocampa) or feeders on vines. 

In synoptic form the Sphingidae are distinguished as 
follows : 

1. Maxillary palpi three-jointed; the four upper ocelli in a rectangle; the upper 
setae of thoracic segments on a level JUGATAE 

1. Maxillary palpi with but two free joints; the four upper ocelli in a curve; the 

upper setse of the thorax, when single, one above the other.. (FRENATAEj 

2 . With outer hooks on the prolegs Microlepidoptera, etc., etc. 

2. With a single inner band of hooks on the prolegs . . . : 3 

3. Hooks of prolegs alternately of three lengths Butterflies 

3. Hooks of prolegs all of the same length 

Noctuidffi, Notodontldse, Arctiidas, Eucleidae, etc. 

3. Hooks of prolegs alternately and regularly of two lengths 4 

4. Secondary hair present on antennae and palpi Lasiocampida 

4. No secondary hair on antennae or palpi. 

5. Secondary hair if present, confined to leg-bases. .Geometridae, Thyatirida 

5, With dense secondary hair on body and head, including labrum 

Apatelodes (Eupterotidae ?i 

5. With considerable secondary hair on body and head, but little or none or 

labrum 1 } 

6 . Primary tubercles represented by branching spines, or warts bearing several 

hairs Saturnoidea 

6 . Primary tubercles bearing minute simple hairs, hardly distinguishable from the 
secondaries; and all hair minute SPHINGIDAE 

SEMANOPHORiE and Asemanophoile are separated rather 
by different tendencies than by sharp differentiating characters, 
and the same is true to an even greater extent of the subfamilies 
of each. Marking in a general way the Asemanophorce there 
may be mentioned the strong tendency for the head to taper 
toward the vertex (which none of the Semanophorce show); the 
densely granulated skin of the middle stages (except Lapara, 
and shared by one or two Semanophorce ) ; the generally higher 
front, with more tendency to develop lobes at the lower outer 
angles. The first abdominal segment is never swollen, and the 
horn is never replaced by an eyespot; the clypeus tends to be 
wider, at least at the ends. 
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In the majority of the SemanophorcB the last thoracic or 

t abdominal segment is much swollen, and the horn is fre 

,:ntly replaced by an eyespot. The front often makes a 
p. lect equilateral triangle. The skin is very sparsely if at all 
g* /jiulated in the last stage, and is rarely granulated in the 
e;, Jier stages. ^ On the labrum, seta hi is quite generally on a 
Icv.’l with ii, in the Semanophorae more often nearer the level 
of vi, at least in normally formed labra. Normal oblique 
strijjes are rather rare. ^ 

if we except Pachysphinx occidentalis we might define the 
Smerinthinae as caterpillars with heavily granulated body in 
the last stage, and more or less granulated head, with the setae 
rising from the apex of the granulations. All except Pachy- 
sphinx have an acute triangular head, and even in this the head 
tapers strongly toward the vertex. The labrum is always nor- 
mal in arrangement of its setae, with the distance between the 
setae ii full half the width of the labrum, and with moderate 
flaring notch. Except in its smooth skin, and normal horn 
Pachysphinx occidentalis agrees exactly with P. modesta, and in 
horn it agrees with Smerinthus. 

The Sphinginae, which comprise the rest of the Asemano- 
phorcB, are less homogeneous. Ceratomia has a densely gran- 
ulated skin, but is distinguished from all the Smerinthince by 
possessing a row of middorsal granulations. In the more 
specialized forms the labral setae are closer together around the 
notch, and this reaches its extreme in Cocytius, which has a head 
of normal Smerinthid form. Lapara, also with a triangular 
head, is easily separated from the Smerinthinae and placed in 
this series, as its labrum (as well as markings and habits) 
agrees closely with Hyloicus. 

I cannot distinguish the three subfamilies of SemanophorcB, 
even by tendencies, and am inclined to treat them as a single 
subfamily. The eyespot in place of a horn occurs only in the 
PhilampelincE , but they are not all of the same type. Humped 
caterpillars occur in all three (Choerocampa, Darapsa, etc., 
Erynnyis) and cylindrical ones also (Deilcphila, Sphecodina, 
Pseudosphinx); reduced horns (Pergesa, Pholus vitis, and 
Erynnyis) and normal ones (Xylophanes, Darapsa, Hemaris); 
rounded heads (Deilephila, Macroglossa, Pseudosphinx) and 
squarish ones (Choerocampa, Darapsa, Erynnyis). The labrum 
of Pseudosphinx and Erynnyis is a little peculiar, but that of 
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Deilephila comes as near as that of Hemaris, to it. Hemi « 
croatica is an almost perfect connecting link between Henu ds 
and Macroglossa. Altogether a tabulation of the genera wl ch 
shall be workable must be mainly artificial in its arrangemi it. 


THE GENERA (AND SUBGENERA) OF SPHINGIDAE. 


- .ara 

,9 


Head high and triangular, no hom^ ........ 

HpGd rounded, or horn more or less developed. — ^ 

Head half higher than wide, horn well defined, enlarged tubercles on nal 

plate 

F™r*ubtrcles on' anal plate, face smooth 'cfes^m’’ 

Two tubercles on anal plate, face rough. ■ v.ie&,.oma 

Head much higher than wide and triangular; horn rather small and .sutt. 

not well distinguished from the body. 

Head about as wide as high or trapezoidal rAmn-nln,? 

Face smooth, sides tuber culate. • ■ ■ ■ • ‘ ‘ ^ ^ 

Face as rough as sides ol head, all heavily 

Seven seta; on labrum, transverse ridges, -one each on meso- 

Six sets^on labnim, transverse ridges 


10 . 

10 . 

10 . 

11 . 

11 . 

12 . 

12 . 

13 . 

13 . 

14 . 

14 . 

15 . 

15 . 

16 . 
16 . 
17 . 
17 . 


Bo^'heavily obliques, middorsal Hne. and subdorsal 

on thorax, the latter raised into two pair of short horns. Ceratomia 

Body smooth or nearly so in last stage, no middorsal V 

Labrum with ii decidedly higher thari Hyloicus (cupressi.) 

Head rrirn^irr,''sm'ooth! Z cer'^vTcal shield; ‘anal plates exceptionallv 

rough; ifbnim with a deep narrow notch, with the seta: i, n and vi cj-owded 

Head roundeVon the' vertex; but in’Chl^nograrnma with two eiilarged granu- 
lations; anal plate rarely rough; set^ ii of labrum almost half as far apart 

Hea^d Xch^fgh^^^n wide, and tapering to about half its width at the 

HeXa^ wide'as'hi'gh; tapering decidedly 'toward the vertex. . .... . . 42 

H^d nearly as wide as high, rounded or squarish, or if tapering a little then 

Hor^:! sTendJr.'rnfbS httle Lger\'^^^^^ 

Horn recurved at tip 

Srh4lirsllllt!tndepth'only'l-7‘h^^^^^^ 

Me^tho™ icTtd^humpcd.'some surmounted with a 

, .16 

Body normal in form V ' ’.V ‘ •44,. ’ Heise 

Head normally with two pair .Sphinx 

Held hellllf gra^ndatTd! bo'ly cyMricIl, wit^ ^ 

Body somewhat granulated in last stage, especia y Atreides 

Dolba 

Body unusually smooth 


Exotic genera in parenthesis. 
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10 'Otae i, ii and iii of the labrum on a level; labral notch very shallow 

men cylindrical and rather slender ^ snaiiow, abdo- 


■etae i higher than n and iii, ii usually decidedly higher than iii ?? 

[etathorax swollen, supraanal not noticeably armed 

ylindrical, supraanal with two large tubercles 

lorn reduced to a granule or replaced by an evesnot- mptsthnrov t 
swollen; head full as wide as high and squarish strongly 


91 . . f om present in all forms with swollen bodyrsweiline rather’bpinn^in«^!!®l!!® 
first segment of the abdomen than to"’the thorax tld^o^e^o '^ 
squarish, full as high as wide... uuueu, or u 

I :i:s by an eyespot: : ^ i 

92 Horn conical well developed 

a: ;ioad very rough in last stage, horn very slender'in middle .'stages,’ replaced 
by a high tubercle m the next to last ^ ^ 

23. Head nearly smooth in the last stage; horn stout in' penultimate ^ 

21 Horn blunt and cylindrical; body marked with a large^s^ubdws”a?evcsoofon 
the thorax, and with well defined distant annulations, beginning wi?h 
the second abdominal segment ^ ^ h ; \ 

24. Horn acute; no eyespot on side of thorax ^ apnnis) 

26. swollen on first segment of abdomen,' thence tapering' to 

25. Body not swollen ‘ ^ ] 

26. Head and general surface of body distinctly but sparsely'tubercula'tc" the 

setae rising from the apex of the tubercles; cervical and anal shields 

rougher than the rest of the body 2? 

20. Body smooth, _ head rarely with very slight tubercles', from'the 'slope' of which 
the setae rise ^ ^ 

27. Tubercles only visible under a lens (Macroglossa ) 

27. Head and cervical shield appearing rough to the naked eye H^ris 

■28. Xotch of labrum hardly 1-3 its height; setse i and ii spaced about in 'the ratio 

2:3; vi only 1-3 way up from the apex of the lobe toward ii and much nearer 

the middle line Deilenhila 

Notch of labrum deeper, sets i and ii only about half as far apart as the setse 
11 are from each other; vi nearer to ii than to the apex of the lobes 2U 
Front about half as high as height of epicrania; without normal oblique stripes 

(with reversed oblique spots) Proserpinus (in part) 

tront smaller; with seven normal obliques 14 

Horn not so long as height of head 31 

Horn very slender ^ ^ ^ ' '(Hippotion) 

Horn normal 32 

Head very finely granular, appearing under low power smooth and dull' 

(PcrffCSfl.^ 

Head distinctly vermiculate Amphion 

-Hcuq sp3.rs0ly tiibGrcul3t6 ^ 

Head smooth and dull under low power, granular under high power, with 

smooth areas about the setae 34 

Body slightly swollen, spiracles pale with two black bars Deidamia 

Body much swollen, spiracles dark with a white dot at each end 

^ , , Darapsa, Ampeloeca, (Clarina) 

hront higher tnan wide (Theretra) 

hront wider than high Xylophanes 

Sphinx. {Hyloicus in pa.rt). Head slightly tapering toward 
the top, or with sides rounded out {S. drupiferarum), with 
irregular vermiculate grooving; the setae rising as often from 
the grooves as from the elevated portions. Front about | 
height of head, with lobes at the lower outer angles well marked 
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and about i to ^ its height. Ends of clypeus as wid as 
1 height of front. Labrum high, with a notch^ i to nj 
width, the setae i and ii spaced about in the ratio 1:2, ,-i a 
little nearer in 5. drupif^rarutn, a little farther on in o. goi ■ins^ 
luscitiosa and eremitus; iii, a little higher than vi i .uc), 
below ii; notch deep and slit-like in S. gordius andluscr osa, 
shallower and more flaring in the others. Mandible with , few 
(perhaps four, but ill defined) large teeth. Second ]oi ,t of 
antenna decidedly longer than the first, and nearly twi e as 
long as wide. First segment of body much larger in diameter 
than head and more or less enclosing the back of it. Skin 
entirely smooth, granulated until the last stage; supraana! 
more or less granulated. Horn normal, much longer than head, 
and curved downward. The seven stripes similar. 

There is also some variation in the horn. In the majority 
of species it is cylindrical in the basal part, and strongly down- 
curved in its entire length; but in chersis the basal part is more 
often nearly straight, and in gordius it is regularly conical and 
the whole horn is almost straight. The European species 
ligustri, which comes next to drupiferarum in the adult, in the 
caterpillar resembles it closely in markings, but has the normal 
Sphinx head. (Fig. 1). That of drup^femrum would not differ 
in face view from Fig. 10. See also I, Figs. 39-41 of S. gordms, 
Linineria has a conical hump on the mesothorax, which in 
the next to last stage, and sometimes in the last, is surmounted 
with a hard tubercle. Otherwise it resembles Sphinx in struc- 
ture. It is considered a subgenus of Sphinx. (L. eremitus, 

'^'^'llyloicus. Head rounded and decidledy larger in diameter 
than the body. Horn straight and slender. ^ Labrum with 
very shallow widely flaring notch; with setm i and ii nearly 
evenly spaced; ii much lower than i and the setae i, ii and n 
of each side forming an equilateral triangle. Second join of 
antennre only half longer than wide, and first joint very sho . 
Supraanal long and triangular. Fig. 10. 

11. pinaslri is longitudinally striped with green and whi e, 
with a broad red dorsal, or else suffused with red. Horn blad 
H. cupressi of the southern states is reported ^ 

the white lateral stripes broken into patches; and is p 
• similar in structure. 
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lerse, I cannot distinguish Herse from Sphinx by any 
I actory charactors. The head in both convolvuli and 
, data is intermediate between those of drupiferarum and 
the >ther Sphinxes. Setae i and ii of the labrum are about | 
as ' 't* apart as the distance between the two setae i, and i is 
ittle higher than ii. The two main joints of the antennse 
are .^I'actically equal. In the only specimen of 11. cingulata I 
have seen the horn is very short, but this may be an abnormal- 
ity; it is normal in H. convolvuli, 

Dolha, The head does not taper decidedly toward the top, 
and is decidedly granular, the setae rising from the apex of the 
widely separated granules, as in Smerintkus, Otherwise it 
agrees with those species of Sphinx in which the labrum is not 
deeply notched. The head comes surprisingly close to that of 
Darapsa, but may be distinguished by the decidedly higher front, 
and the fact that iii of the labrum, as in most Asemanophorae, 
is nearer to the level of vi than ii. I, Figs, 39-41 represent not 
this species but Sphinx gordius. 

Atreides has a very similar head. The supraanal plate is an 
equilateral triangle; the markings are picked out with raised 
granules, and there arc several transverse rows on the thorax, 
and scattered granules on the abdomen as in Smerinthus, but 
very widely scattered and small. 

Acherontia. Has a slight transverse hump on the meso- 
thorax (suggested in some Sphinx) ; the tip of the horn is recurved 
sharply; the fine annulations are wanting from the thorax. 
Otherwise entirely like Sphinx (e. g. S. kalmiae). A. atropos 
examined, European. 

Ceratomia. (sens, str.) Head about as wide as high, decidedly 
tapering, somewhat granulated in back, but with the setae not 
springing from the granulations, structurally as in the lower 
species of Sphinx. Body densely granulated, wdth the sub- 
dorsal and obliques picked out in raised granulations, and also 
with a mid-dorsal row. The subdorsal row is produced on the 
meso-, and metathorax into two pairs of short soft horns. 
(1, Figs. 45 and 49.) Aside from subfamily characters, I have 
seen no trace of kinship between this species and Daremma. 
The latter seems to come closer to Chlaenogramma. 

Daremma. Skin smooth; horn normal, rather slender and 
short; or longer but very slender (catalpce). Head slightly 
granular, but the setae do not rise from the apex of the gran- 
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ulations. Otherwise the characters common to undulosa ^nd 
catalpcB are shared by Sphinx. _ 

In D. undulosa, the type, the head is \ higher than i ide, 
very strongly tapering toward the vertex, the horn is or, a 
little slenderer than normal, and the labrum is moder ely 
notched, with seta iii in the normal place. In D. ca Ipg 
(Fig. 11), the head is broad and rounded, shaped as in )eH. 
ephila; the labrum is quite deeply notched, with in nearly on a 
level with ii, as in the Semanophoras ; the body is unus.niUy 
cylindrical and the horn is very slender. I have seen a .qiec- 
imen from the U. S. National Museum, with no data but the 
name Daremma hageni. It is a typical Smerinthus in struruire. 
and could be the fourth stage of one of the larger species 
(cerisyi), but is rather sparsely granulated. 1 should suspect 
it was misidentified. 

Cklcenogramma. Head like that of Daremma undulosa. but 
with inconspicuous enlarged granules on the vertices. Body 
like Atreides plebius. Horn normal in length. 

Cocytius (.^antceusf Head not at all tuberculate, but decid- 
edly higher than wide, and terminating in two enlarged gran- 
ules, like a fourth-stage Smerinthus, but higher and closer 
together at the vertex. Front full as high as wide, the lobes at 
the outer lower angles are not only well marked in outline, but 
project very conspicuously; front less than | height of epi- 
crania, iii and ii of the labrum are on a level, but the notch runs 
even higher, and is very narrow. The distance between the 
two set® ii is less than | the width of the labrum, and i, ii 
and vi are all located practically in the notch. Cervical shield 
as smooth as head, the anal is very rough, like the horn, and is 
a narrow triangle. Skin not at all granulated. Altogether an 
unusually distinct genus for this series. The structure so far 
as it is not unique suggests Sphinx rather than any other 
genus, but I understand the moth comes nearer to Phkge 
thonthis. 

Phlegethoniius (Proloparce) Notch of labrum only one* 
seventh its height, not reaching the level of seta vi; m and iv 
not so high as usual. Caterpillar distinctive in appearance, 
but not otherwise separated in structure from normal 
5. rusticus is said to be sparsely granulated on the lines. 1. 
Fig. 51. 
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Lapara (Ellema). Skin quite smooth, not only in the last 
in earlier stages. Horn wanting entirely. Anal nlate 
1, r as long as wide and acute. Head somewhat higher than 
,v, . (Fig 4), m the earlier stages extremely high, triangular 
^vi ; small and distant tubercles, like Fig 12- front » 
it, iieight, hi^gher than wide. Labrum (Fig. 5) whh a very 
shrf iow notch, broadly flaring, with the apex of the lobes far 
to ..ne side and the outer edges nearly straight; i lower than 
li, but not so much so as in Hyloidus, i and ii about equally 
spaced; both crowded down toward the margin; vi decidedly 
nearer the middle line than ii. Scrobe of mandibles smaller 
than usual. Second joint of antenna hardly longer than wide 
and first joint very short. First ocellus directly behind the 
second, and nearer to -the posterior one than the second is to 
the fourth. With longitudinal stripes, or checkered, never 
with obliques. 


Except for the labrum and markings, which are essentially 
as in llyloicus ptnastri, there is nothing to connect this oenus 
rvith the Sphinginae in the caterpillar; there are a couple oi 
parallelisms to the Smerinthina; the shape of the head, and low 
(irst ocellus as in Cressonia. 


I cannot distinguish the species in the caterpillar. 

Smerinlhus {Sphinx) and Paonias {Calasymholus) (I,. Figs 
42-14). Head decidedly higher than wide, triangular’; with 
nearly acute apex and sides somewhat rounded out; with 
numerous widely spaced raised tubercles, each bearing a seta; 
front about as in Sphinx, with several tubercles somewhat 
smaller than those on the epicrania ; labrum with a notch about 
li- its width, in depth, with the setae arranged as in 
Sphinx, but the distance between the two setae vi is full half 
the width of the labrum (in the Sphingins it is mostly dis- 
tinctly less than half) ; iii, iv and v about equally spaced on the 
outer edge. Clypeus and mandible and antennas as in Sphinx, 
but the adfrontals are somewhat wider. Body finely gran- 
ulated, strongly tapering toward the head; first prolegs less 
used than the others and slightly reduced. Subdorsals on 
thorax, and obliques on abdomen marked by rows of raised 
granules. No granules on the middorsal line, but they show a 
tendency to arrange themselves in a row on each side of it 
Horn soft, not well distinguished from the body and about as 
ong as the height of the head, not down-curved. Supraanal an 
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equilateral triangle in shape, not specially armed, aci e* 
The transverse rows of granulations on the thorax are alt ab- 'ut 
equal. Ocelli in normal arrangement, as in Sphinx. 

The species show very little distinctive in the way of stt jc- 
ture (or for that matter in color and markings) P. {Galas m, 
bolus) asiylus may be a little rougher, with better develc )ed 
setae than the others, both on head and body, and the l orn 
seems a little better defined in S. ocellatus than the others. 

Pachysphinx {Triptogon^ Marumba), Head wider than 
with sparse granulation on the sides, nearly smooth, but a 
little vermiculate on the face; the apex bluntly rounded. 
sub dorsal row of granulations on the thorax but the meso^ and 
met a- thorax each have one high transverse crest. Horn soft 
variable in size. The three lower ocelli form a right triangle 
the posterior being unusually high. The labrum has an addi- 
tional seta, on the margin; the four marginal setas that result 
are about equally spaced. 

1. P. modesta. Body normally granulated, about as in 
Smerinthus; horn minute, about h in. long; thoracic crests 
high and granular. (Fig. 7.) 

2. P. occidentalis. Body smooth, with a few raised gran- 
ules on the last oblique line, only; horn about as long as height 
of head. Thoracic crests rounded over and hardly distinguish- 
able. (In the penultimate stage it is granular like P, modeski) 
This, as may be seen, is very different from the eastern form 
modesta. (Bred from the egg by Mr. Brehme; Western.) 

Amorpha (A. populi of Europe) Labrum very deeply 
notched (like Cressonia). Head decidedly higher than wide, 
triangular, smooth on the face. Anal plate unarmed, and 
horn, etc., as in Smerinthus. The last four oblique rows of 
granules very distinctly extend over three segments. The 
characters are nicely intermediate between Smerinthus and 
Dilina, showing no special closeness to Pachysphinx. 

Dilina {Mimas). Horn sharply separated from the body and 
down curved as in Sphinx; half longer than width of head, 
mostly cylindrical. With a longitudinal subdorsal row of 
granules on the thorax. Head half higher than wide, and 
acute- triangular. Face smooth, the sides of the head sparsely 
tuberculate. Supranaal with four raised tubercles in a rec- 
tangle. Otherwise about as in Smerinthus, D. tiliae of Europe. 
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scr- ■ 
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With only one large pair of enlarged tubercles 
he supraanal plate. Front as wide as high and only one- 
li as high as the ep, crania. Entire head tuberculate first 
us moved down and posterior one up so that they are not so 
qiart and as the second and fourth are from each other 
dibles with a tuft of secondary hair on the outer part of the 
^e. Otherwise as in Dilina. C. juglandis. (Pigs. 12 


DeikphUa iCelerio) (Fig. 9 , and I, Figs. 46 and 52) Head 
distinctly wider than high, rounded on top, roughened with 
irregular grooves, but not as strikingly as is usual in the 
Sphwgina. Front triangular, the outer edge but little 
sinuous; clypeus narrower at the two ends than in the Sphin- 
gina. Labrum with a broadly flaring notch only one-third as 
deep as the height of the labrum or less, setae i and ii about two- 
thirds as far apart as the setae i are from each other nearly on 
a level; vi less than half way up to ii, Antenna with the first 
and second joints nearly equal in length and diameter Ocelli 
with the first four of nearly equal size, in a regular curve but 
the second decidedly nearer to the third than to the first 
Posterior ocellus about half way between the upper and the 
lower; the three lower ocelli forming approximately a right 
triangle. Skin smooth, the tubercles marked by tiny chitinous 
rings, those of the primaries two or three times as large as the 
otliers. Horn normal, moderate, entirely wanting in D 
-esperhlio. Supraanal broad. Caterpillar as a whole cylin- 
drical, tapering toward the head, almost always with a conspicu- 
ous row of subdorsal spots or eyespots. which are all about equal 
in size except the last. The front is smallest in D. euphorbia;. 

D. Imeata, gallii, euphorbiae, lathyri and vespertilio were 
examined. Aside from those mentioned above the differences 
rome down to a slight variation in the depth of the notch of the 
labrum; and the markings. 


Ckerocampa (in the broader sense). (Fig. 6.) Head squar- 
ki. full as high as wide, very finely granular, so as to appear 
uiiooth and dull wuth low power; the region about the set® may 
be glossy but not raised. Front triangular, wider than high 
except in alecto) at least « height of head; posterior ocellus 
0"er making the triangle formed by the three lower ocelli 
acute-angled; second joint of antenna about twice as long as 
rs , notch of labrum at least J its height, usually more; i 
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and ii only half as far apart as the two setae i are from t .eh 
other ; vi nearer to ii than to the tip of the lobes. Body with he 
first abdominal segment much swollen and bearing an eye^ ot 
with or without less prominent ones on the following segmt 
thorax lacking the mottling characteristic of the abdomen ii' (h^ 
darker forms; horn regularly conical; skin smooth. 

Subgenus Tkeretra, Horn well developed; large eye oot 
normal, followed by a series of simpler ones in a subdf rsal 
stripe; pattern of abdomen wanting from the first segment, as 
in some PhilampelincB; body with dark obliques slanting up 
and back. T. alecto. . 

Subgenus Xylophanes. Horn and eyespots as in Theirira. 
Front distinctly wider than high; labral setae i and ii a trace 
farther apart and nearly on a level; notch broad and only t 
height of labrum ; second joint of antenna only half longer than 
the first. Perhaps a little near to Deilephila than the others 
are. X. tersa. 

Subgenus Pergesa. Horn very short and sharply down- 
curved; the first eyespot only is present, and it has a black 
shade below. Setae i of labrum much higher than ii, and they 
are spaced as in Theretra, that is, in the ratio 1 :2. Notch 
nearly half height of labrum; antennas with second segment 
twice as long as first. 

Subgenus Hippotion. Similar to Pergesa, but with the horn 
long and slender (fig. 1.5). 

Pholiis (Philampelus). Horn reduced to the merest rudi- 
ment in vilis, replaced by an eyespot which bears a pale ere;: 
cent in its posterior part, in pandorus, achemon and hihrusfft 
said to be completely wanting in a Texan species. Metathora 
much swollen, first segm.ent of abdomen distinctly smallei 
The front of the body is completely retractile in P. achemo] 
and pandorus, apparently less so in vitis and labruscae. Supra 
anal broad, not specially armed. Head fully as wide as high 
squarish; front higher than wide, and nearly half its height 
Setae i, ii and vi of labrum especially close together. 

Ampeloeca. {Darapsa, Everyx, Ampelophaga) . Hea( 
rounded, with widely separated small tubercles, similar tc 
fig. 16, but higher; front more than -f its height, decided]} 
higher than wide, also tuberculate. Labrum with a fairly dee| 
notch; setae as in Choerocampa. Body decidedly swollen at iir?t 
segment of abdomen, but not enough to withdraw the head. 
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,1 decidedly longer than head. With a subdorsal line, 
anr the normal obliques. Spiracles red with white ends 
(ag '^eing with the Macroglossa group, Clarina, and some sped- 
; of Protoparce), Otherwise like Choerocampa. 
n versicolor the horn is nearly twice as long as the head, 
thi( ; and strongly down-curved; in myron it is shorter, straight 
conical, but apparently it is exceptionally variable in all 
three species. 

Clarina, Horn only about as long as head; tubercles of 
head very small and inconspicuous; otherwise wholly like 
Am]:)doeca, — with continuous subdorsal. C. syriaca, of Syria. 

Oeidamia. Horn rather longer than head. Supraanal an 
acute equilateral triangle. Spiracles pale with a black bar on 
each side. Front full as wide as high. Body but little swollen. 
Otherwise like Ampleoeca. 

C. syriaca and D. inscriplum are marked almost exactly 
like A. myron, but with evanescent obliques. 

Amphion, Head irregularly roughened, without raised 
isolated tubercles, squarish, as in related genera. Supraanal 
as long as wide and acute; spiracles dark. Horn shorter than 
height of head. Front full as high as wide, third ocellus much 
enlarged (as in Clarina and Deidamia also). Body but little 
swollen. Otherwise like the related genera (I, figs. 48 and 53.) 

Sphecodina. Body not at all swollen on the first abdomi- 
nal segments. Head large, very rough in the last stage, but 
without raised tubercles; in the next to last as in Ampelocca. 
Front higher than wide, f height of head. Clypeus broader 
than in Deilephila, etc. Labrum like Pergesa. Horn replaced 
by a wart; in the last stage similar to that of Phohis. in the next 
to last high, and cylindrical; before that surmounted by a slen- 
der horn, which rises, not as in Pholus from its posterior side, 
but from the middle. Supraanal wide. 

Proserpinus (Fig. 3). Horn normal but rather short igaurce) 
or replaced in the last stage by an eyespot, which may be nearly 
flat {proserpina} , or with an obliquely conical center { flavofas- 
ciata, jiianita). Head and skin smooth. Spiracles single- 
colored, yellow in flavofasciata and proserpina, black in gaurce. 
Head squarish, higher than wide in proserpina, full as wide as 
high in flavofasciata. Adf rentals only about | as wide as 
front is high, with their setae 1 below the top of the front. Front 
nearly half as high as head, broadly triangular. Ocelli normal. 
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Labrum with a moderate or rather shallow notch, with the 
i and ii only half as far apart as the setae i are from each c Jier 
(thus agreeing with the preceding genera rather than 
Hemaris), Supraanal an equilateral triangle; joints of ant- nn{e 
nearly equal in diameter. In the next to last stage fiavofai. /q/q 
at least, has a horn similar to that in adult gaurce. 

Macroglossa. Head and body nearly smooth, but ma kod 
by slight raised white tubercles. Head very small and round, 
the body sharply tapering toward it. Horn normal, Ir ngej! 
than height of head. Adf rentals ^ height of front in width 

and with seta i higher than the top of the front. Third, fourth 
and lower ocelli evenly spaced, and very close together, nearer to 
each other than to the posterior. Front | height of head ; dis^ 
tance betw^een setse i and ii of labrum f that between th 
two setae i. True legs single-colored; spiracles red with whit 
spots at the two ends. The genus shows likenesses to Hemaris o- 
the one hand especially to H. croatica, which is very similar ; ans 
to the Darapsa group on the other, rather than to Proserpinm 
Hemaris (Haemorrhagia). Head rough and tuberculate 
cervical shield, etc., also rough, and skin generally with moreo; 
less distinct raised tubercles. Horn moderate, or long an( 
slender. Front J height of head. Otherwise as in Macrogkssu 
even as to the coloring of the spiracles. The species I have scei 
make a very good graded series, from Macroglossa to H. tkysk 
11. croatica. Cervical shield no rougher than head, withoiii 
any distinct anterior ridge ; lower ocellus close to the next om 
as in M. stellatanm. Legs without any black. Head regu- 
larly rounded, not distinctly higher than wide. 

//. rubens. Head and cervical shield with fine granulation? 
separated from each other by about twice the diameter of a 
granulation, except toward the anterior edge of the cervical 
shield, where they are nearly in contact, and in a single even row, 
Front, and head as a w^hole higher than croatica, agreeing wiih 
the following species. Feet with a little black on the front of 
the coxae only. Horn rather short. 

H. diffinis (typical). Cervical shield with the granule? 
no larger than in H. rubens, but with the surface of the shield 
raised into ridges, so as to appear much rougher, considerably 
rougher than the head. The granules on the anterior edge 
make a ridge, but they are not confluent and the ridge is not 
well defined. The true legs have the femora marked ritli 
deep black brown. 
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r. diffinis axillaris. Head conspicuously rough. Anterior 
of cervical shield of crowded granulations, not all in a 
'o row; the shield decidedly rougher than in the normal 
- ; horn longer than head. 

[ thy she. Even rougher than the preceding, the cervical 
, ^ith the granulations almost in contact, and on the 
' ' -rior edge more or less confluent. Horn long and the outer 
‘ slender. Femora jet-black and very conspicuous. 

I n the next to last stage, H. diffinis, at least can hardly be 
rated from Macroglossa. The horn is minute. 

" )7jinnyis (Dilophonota) . Seta ii of labrum fully as high as i, 
and the setae i, ii and iii almost evenly spaced; hi, iv and v 
about evenly spaced along the outer edge . Supraanal sometimes 
uith the rudiments of a pair of tubercles. Notch of labrum 
Lrcllv Tits height, in depth. Head squarish, and full as 
hioh as wide; metathorax sharply humped; the abdomen ab- 
T-uptly smaller, and cylindrical. Horn short. In E. edwardsii 
the horn is somewhat shorter than the head, in E. eUo, only a 
third as long, and only twice as long as thick. The tubercles 
on the anal plate are distincter in edwardsii, and the supraanal 


Pseudosphinx (I, Figs. 47 and 50). Cylindrical with slender 
horn Fourth ocellus as far from the lower as from the first; 
front wider than high and nearly half as high as head. Labrum 
verv shallowly notched, with the setae i and n nearly on a level, 
and almost evenly spaced; iv directly below iii and much nearer 
to it than to v. vi not far from margin. Two conical spines 

on anal plate. . , t ■ ii 

The following species were examined. I am especially 

indebted to Prof. I. B. Smith; Dr. Geo. Dimmock, Mr. William 
Beutenmuller, and Dr. H. G. Dyar, for the privilege of e.xamin- 
ing specimens in their own collections and in those of the insti- 
tutions they represent. Exotic species are in italics ; ^ose from 
the far west, or from Florida only, are also indicated. 


SpmNGlN.E 

Acherontia alropos 
ilerse convolvuli 
cingulata 

Cocytius antaeus Fla. 

Phlegethontius quinquemaculatus 

Carolina (sexta), L Fig. 51. 
Alreides plcbeius 
Dolba hylajus 
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sphinx Hgustri II, Fig. 1. 
drupiferarum 
chersis 
kalmiae 

gordiuB, I, Figs. 39-41 
luscitiosa 

Lintneria eremitus, II, Fig, 8. 

Hyloicus pinastri, II, Pig. 10. 

Lapara bombycoides, II, Figs. 4-5, 
coniferarum 

Chlsenogramma jasminearum 
Daremma undulosa 

catalpae, II, Fig. 11. 
hageni ? (W) 

Ceratomia amynlor, I, Figs. 45 and 49. 
Smerinthin^ 

Pachysphinx modesta, II, Fig. 7 
occidentalis (W) 

Smerinthus ocellatus 

jainaicensis 
cerisyi 
Paonias excagcatus 

myops, I, Figs. 42-44. 
astyius 
Amorpha populi 
Dilina Him 

Cressonia juglandis, IT, Figs. 12 and 13. 
Choerocamfin,« 

Deilephila Hneata, II, Fig. 9. 

gallii, 1, Figs. 46 and 52 

euphorbm 

latkyri 

vespertilio 

Cheer ocam pa {Pergesa) elpcnor 
porcellus 

ChcErocampa {Hippotion) celerio, 11, Fig. 15. 
Chcerocampa {Theretra) alecto 
Choerocampa (Xylophanes) tersa 
PHILAMPELIX/E 

Pholu.s achemon 
pandonis 
vitis (fasciatus) 

labruscae (Figure only) Fla. 

Daphnis nerii 
Clarina kolschyi syriaca 

Ampelophaga (Ampeloeca) myron versicolor 
Ampelophaga (Darapsa) choerilis 
Deidamia inscriptum 
Sphecodina abbotii 

Amphion nessus I, Figs. 48 and 53; II, Fig. 14. 
Proserpiniis proserpina, II, Fig. 3 
flavofasciata 
juanita 
gaurae 

Macroglossa stellatarum 
Sessix^ 

Hemaris croaiica 11, Fig. 16 
rubens (W) 

diffinis and form axillaris 
thysbc 

Erynnyis alope edwardsii Fla, 
ello Fla. 

Pseudosphinx tetrio Fla., I, Figs. 47 and 50. 
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FIELD KEY TO THE SPHINGID CATERPILI ARS * 

OF THE EASTERN UNITED STATES.^ 

(orn completely wanting, head half higher than wide and triangular. 

ighth abdominal segment bears a Httle^W? 

marked with black, white and- red).. Pholuo^^ 

:,ghth abdominal segment with an eyespot. otherwise unarmed ^ 

■ighth abdominal segment with a horn, otherwise unarmed p 

segment with a horn, mesothorax sharply humped or tuber- 

segment with a long horn; and thorax witKrmucTs^o^^^^^ 

Slanting white patches on the sides.. Ceratomia quadrlcomis 

i»:de on the sides obliquely mottled, eyespot white. .Pholus labruscae (Fla ) 
Otherwise marked; eyespot dark-rmged 

White patches are full three times as long as broad ' Pholus achemnn 

White patches are 2}4 times as long as broad 
Checkered contrastingly with rel and green.’ ; 

Eyespot ringed with jet-black ! : Proserpmus ' flavofasciate 

Evespot ringed with brown 0^1, 

Slanting lines on the sides, sloping upward toward the rp.'ir ^ abbotii 

Slanting lines, if present, running in the opposite direction Y 

Slanting lines dark and more than seven, with a double set on’ the dorsum’ ' ’ 

A single slanting line running up to the horn C^us antaUs 

Numerous slanting lines, on the dorsum only Cocytius cluentius 

^lantmg lines indefinite m number or evanescent; spiracle marked with two 

vertical bars, caterpillar a little humped Deidamia inscriptum 

Slanting lines six or seven, and distant tt 

Head rounded, with two pair of vertical dark stripes; on Convolvulaceac ’ ' 

Head mostly with one or no vertical dark stripes; nn other planTs^^ cnig«lata 

Horn rudimentary. . Pachysphinx mod’esta 

Horn as long as head, or longer 1 

Skin rough and granular, head triangular K 

Skin nearly smooth, but with the stripes marked with raised granulations 0 

Skin smooth ’ ' p 

Horn well defined and much longer than height of head^ . Cressoma’j’uglandis 
Horn about as long as height of head, and not very distinct from body 

straight P 

The oblique stripes irregularly shaded with red patches. . .Paonias a stylus 
One of two pairs of red spots alone, or with one or two much larger than the 

\r-4u • ■ ■ ’ , ■ Paonias myops 

\V ith a number of equal red spots or with none M 

With none, horn normally blunt, or blueberry . . .P. astyliis 

Horn always acute * ^ 

Horn pink, violet or blue Smerinthus,cerisyi and jamaicensis 

iorn normally blue-green Paonias excacatus 

Horn normally yellow-green, yellow on the sides Paonias myops 

Head broad and ro^ded, granulated Atreides plebeius 

Head high and tapering, nearly smooth Chlaenogramma jasminearum 

Head broad and tapering, nearly smooth 

Phlegethwitius nisticus, and occasional specimens of Sphinx chersls, etc. 
rl f ^^^nient of abdomen much swollen, subdorsal stripe well developed . Q 

Caterpillar nearly cylindrical, subdorsal stripe present on thorax only S 

^^u bdorsa l stripe complete Ampelophaga myron 

' See “Field Tables of Lepidoptera ( 1906 ) p. 69 . 
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g- 

R. 

R. 

s. 

s. 

T. 


Subdorsal stripe broken in the middle. ^ ■ . • ■ ■ • ■ • ■ • . . 

Horn near twice as long as head and down-curved , ^ rh;- 

Hnrn little longer than head and nearly straight- . a. cm 

With pale substigmatal bands on the segments which 

the obliques to form chevrons Phlegetdonlius o maci 

Wrth^hrobUqueTshowing no trace of red and 

Oblki^etno?Sed “h™ -e'^ith a row of'biack dots; usually with red or ^ 


U. 

U. 

V. 

V. 

w. 

w. 

X. 

X. 

X. 

Y. 
Y. 
Y. 

V. 

Y. 

Y. 

Y. 

Z. 
Z. 


■ K 
'lor 
ilis 


■lina 


Horn little longer than the height of the head, whkh is dccdded^^highe^ 
wide. 


an 
slosa 

Horn about half' longer than the head, which is as wide as high V 

Sround 1olor very pale green (or the altematrve prntr or fawn)^^,^. 

Ground color bright grass green (or crimson or brown) i ' / ’ ■ ^ 

Onir^dx stripes fre fully developed (pink); head broad and rou^gh^to r. .• 

naked eye, / V ' ; ' V ’ / ■ 

With seven equally well-developed stripes. 

Horn green, blaek at the sides, straight; 


hylasus 

■ X 


‘Sphinx gordius and luscitiosa 
Horn deep red (as also the stnpes on the head); stripes v.ole^, 

Str.pes hoavdy marked with black, and often shaded with bl»e^._^ 

With oblique stripes running up toward the Vetrio'-Fla^ 

With Dale transverse stnpes; black pseuaospmnx lemo fia., 

Ca ocala-like with small horn and a tubercle on middle of abdomen 
L-utoe aia iiK Madoryx (M. pseudothyreus occurs in Pla.) 

With subdorsal eyespots . ^ 

Checkered or with patches of yellow c ots . t 

Metathorax sharply humped with a dorsal eyespo ^ 

More or less striped longitudinallyn Prosern'inus rauta 

Oblique stripes and siibdorsal red pSlifficiis Th i 

Oblique stnpes and subdorsal yellow Xvloohanes Do?cus > Ipb I 

M e7csponrAl°lrifP«p?llh ■ligh'i:pupiUed . . .Xylophanes ter"sa 

Stight'g.ten; last eyespot quite like 

Grounfeolo? olive' green; last eyespot often stretching out the horr,; 

head with a black band below DaSa'X 

Horn very slender ^ 

'i!ra?k,'tY 

spots on the sides ■ • ■ ■ o 

Horn various; otherwise marked, not feeding on pmc ^ 

Front edge of cervical shield raised and rough 

Cervical shield lightly and evenly V - ’ Hemaris ‘ an.V verv 

Younger stages of Proserplnus ftavofasciata, Hemans, 

young stages of rnany Sphingid*^ 


H Dorsal dark stripe edged on 
H Dorsal dark stripe vague; horn about as long as head 


Hemaris thysbe 
Heraaris diffbis 
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EXPLANATION OF FIGURES. 

PLATE XVII. 

;-iO. L Front view of head of Sphinx ligustn. It is fairly typical of the spc* 

, ji which the head tapers moderately, but more rounded out on the sides than 

t; ,vcrage. -The front is ’also wider and less lobed at the bottom. 

'•'iG. 2. Labmm of Uemaris thysbe. Compare Annals E. S. A. IIL PI xiv 

Fi:. 

Fig. 3. Proserpinus proserpina. Typical of the Semanophorie; compare also 
6 and '14. 

' Fig. 4. Front view of head of last stage of Ellema hanisii. The triangular 
which is more typical 'of the Smerlnthinae. 

Fig. o. ,,Labhum of the same. Ilyhicus is similar. 

Fig, 6. ' Labnim of Hippotion-cehrio . 

Fig. 7. Labrutn of Pachysphinx modesta. .P. ocddentaliP is the samp, and the 
normal vSmerinthinae differ only in having one less marginal seta. 

Fig. 8. Labrura of ^ Sphinx (Lintnefia) eremitus. typieal of the lower 
species of Sphinx. For one of the higher type see Annals B. S'. A. Ill, Pi. xiii. 
Fig. 40, which is A. gordius, labelled ' "Dolba hylaeus” in error. The species 
labelled gordius is certainly A. dnipiferarum. 

Fig. 9. Deilephila lineaia. The other species are about the same, 

^ PLATE XVIII. 

Fig. 10. Front view' of head of Ilylnkii^ pinastri. Sphinx dnipiferarum is 
similar in outline, and so arc all the species doscrilied as having a broadly rounded 
head. 

Fig. 11. Lab^ih of Dc&emma caial pa e, showing seta iii high, as in the Semano- 
phoFte. '■ 

Fig. 12. ''Next to last stage of Qressonia juglandis/ Tn the same stage Lapara 
has the same peculiar sha^e. 

Fig. 13. Labrura of Crdsonia juglandis, last stage*. 

Fig. 14. Lahrum oi Amphion nes,^us. Typical^;' ' ’ 

Fig. 15. Head of Hippolion celerio, showing the slightly squarish form w’hich 
is most frequent in the Semanophora?. 

Fig. 16. Head of Hemaris croatka. It is broader than our species of Heniaris, 
and resembles Macroglossa except in the small front. 






:)ME notes on HEREDITY IN THE COCCINELLID 
GENUS ADALIA MULSANT.* 

By Miriam A. Palmer. 

It is the purpose of this paper to give a report of some 
c'.pcrinieiital investigations in heredity which were made with 
f, ar different forms belonging to the genus Adalia Mulsant, 
T iiese forms shall herein be designated as melanopleura Leconte^ 
aumctans Crotch, color adensis Casey, and humeralis Say.f 
Melanopleura (Fig. A, PI. XIX), as met with in this paper, is 
described as follows: Head black, with fine apical line' of 
white, and with a whitish triangle next each eye with the apex 
pointing mesad and nearly reaching the median line. Some- 
times a median strip of whitish connects these spots and extend- 
ing forward to the apical line, which may also widen, leaves 
only a pair of black spots or brownish dots, one on either side of 
the median line on the anterior part of the head. (See head 
markings in Figures A, B, C, and F, PI. XIX). Pronotum pale, 
with black M- shaped design and a lateral black spot,- except in 
an unusually albinic form where the spot is absent or repre- 
sented by a mere dusky area. The black spot when present 
may vary from a moderate sized area well enclosed by the 
surrounding white, to a large area which may break more or 
less widely through the surrounding white so as to connect 
with the M design. See pronotum markings in Figures A, B, 
and C. PI. XIX) . The basal marking is usually large in this form 
but may be rather small in some cases. Elytra brownish red 
and immaculate, or with faint dot on lateral margin of each 
elytron. Legs yellowish brown, darker on outer margin. 
Length 4-6 miai., width 3-4 mm. 

Amiectans, Figures B, C, and F, Plate XIX, includes quite a 
range of variation. The group as met with in this study is 
described as follows: Head as in melanopleura, pronotum as 

<_*This paper is an outgrowth of breeding cage work with the CoccineUids, 
assigned me by Professor Gillette as a part of his Adams Fund project on Life 
Histories of the Plant Lice and Their Enemies. 

t These determinations are according to Major Thos. L. Casey, who very 
kindly criticized my determinations of the forms referred to in this paper, excepting 
that amLcclans includes also an unusual and rather rare form (Fig. F, PI. XIX), the 
status of wliich seems to me a little uncertain, but which Mr. C. W. Leng deter- 
mines as (innecians. Lacking any biological proof to the contrary I have included 
It under annectans. 

2S3 
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given for melanopkura except that the basal marking is on t] > 
average somewhat smaller and is, in rare cases, even absei 
The lateral black spot also is absent in an unusually albii. > 
form, Figure F, Plate XIX. Elytra reddish yellow, usually light r 
than melanopkura, quite yellowish for several weeks aft r 
emergence, becoming redder with age, though some nev.r 
develop much of the red color. In the individuals reared of t: ^ 
more albinic form, Figtire F, Plate XIX, the red color began o 
appear immediately after emergence but was paler in the regi'^i 
of the spots, giving a sort of blotchy appearance. This pa’:’,r 
area may persist even in old beetles which have hibernate -1. 
Each elytron typically with a longitudinal posteriorly pointed 
black dash from the base at each side of the suture, and two 
sub-basal spots, the outer more basal, also with a transverse 
series of three black spots just before the middle, and two more 
at apical fourth, the outer very close to the margin. Those 
black spots may vary from mere dots with some absent, to 
large blotches which may have more or less tendency to coiv 
fluence; so that in color pattern many resembled ovipennis 
Casey, and a very few came very close to transversalis Casey 
as figured by Johnson.* Mr. Casey, however, to whom I sub^ 
mitted specimens of these beetles, says that they are not his 
species as they do not show the proper punctuation. Some 
specimens show a rather definite pattern of red spots, two on 
each elytron, one a large oblong spot at the humerus and the 
other a smaller round spot close to the suture and between the 
middle and apical series of black spots. Legs and size as in 
melanopleura. 

In the more albinic form, Figure F, Plate XIX, the anterior 
spots were always lacking and the middle and apical series 
were irregularly represented. Altogether this form differs from 
the rest of the group in three respects; namely, in lacking the 
anterior or basal elytral black spots, the absence of the lateral 
black spots on the pronotum, and in the presence of the redder 
coloration of the elytra. Three individuals of this form 
appeared in one batch of annectans, and one in another batch of 
annectanSy also two from a batch of larvae, from melano pie am 
parents, which produced both melanopleura and annectans. In 
these broods there were also some individuals which might be 

* Johnson, Roswell H,, 1910 — Determinate Evolution in the Color Itoiorii 
of the Lady-beetles, Carnegie Institution of Washington. Pub. No. 122. 

Papers of the Station for Expe'imental Evolution, No. 15. 
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sidered as intergrading forms to some extent. This form 
sents a rather strikingly different appearance from the rest 
r, he group, since all of these characters seem as a rule to m 
t, ether, making a rather pronounced gap in the series of 
v: lation. It seems indeed to be closer to coloradensis than to 
• Furthermore, among the 109 annectans which 
re reared from eggs of two annectans females and two melano- 
pii nra-annectans hybrid females, mated with one annectans 
ni;de and one melanopleura male, not one of these forms 
apiieared, which fact seems to show that it is not a common 
fluctuating variation at least. It seems that the heredity 
might be segregate and experiments are now in progress to 
determine this point. It is on this account that I have thought 
best to call attention to it separately though for the rest of this 
paper it will be included under annectans, 

Coloradensis Casey, Fig. E, PL XIX, is described as follows; 
Head black with fine apical margin of whitish, and triangular 
pale spot next each eye as found in annectans. Pronotum 
black with very fine apical pale margin sometimes obliterated, 
the posteriorly pointed median pale dash from the apical 
margin very small when present, sides with same pale pattern 
as melanopleura but lacking the black lateral spot, basal mark- 
ing absent. Elytra brownish red, about the same color as 
melanopleura, with a duplex black spot at the middle, some- 
times in the form of a band, sometimes appearing as two sep- 
arate spots, also a similar series of spots, two in number at 
apical fourth, the inner one the larger. Logs and size as in 
niclano pleura, but the shape perhaps a little more narrowly oval. 

llumeralis, Say, Figure D, Plate XIX ; Head same as in melayio- 
pleura, except that sometimes a different pattern appears as 
shown in Figure D, Plate XIX. Pronotum black wdth fine apical 
line and narrow side margins pale, apical line sometimes oblit- 
erated, basal marking alw^ays absent. Ehdra black with a 
large oblong yellowish red to bright red spot at humerus and 
another small round one at three-fifths and close to the suture. 
The red marking on the elytra seems identical with the red 
pattern above mentioned as appearing in some specimens of 
annecians. Legs and size same as given for melaftopleura, shape 
usually a little more rounded posteriorly. 

The work wdth these forms w^as at first undertaken merely 
lor the purpose of obtaining specimens for life history drawings 
of melanopleura and annectans. In rearing these forms the 
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fact of their interbreeding with each other and with humet Us 
was discovered, and then the work was directed along the ne 
of heredity investigation. About four hundred beetles v re 
reared to maturity from about three thousand eggs hatC: d, 
These beetles proved much more difficult to rear than he 
larger species such as Hippodamia convergens and Cocci r JIa 
quinqiie-notata because of their more limited range of food , nd 
more delicate constitutions. All large aphids brought disa ter 
in the breeding cage and sometimes even the small cottonwood 
louse, Chaitophorus populicola Thos. was rejected. In the latter 
case it was perhaps due to an odor left by a certain specie ,s of 
attendant ants, since these lice did not always prove objection- 
able. One feed of unfavorable lice would sometimes cause the 
death of from one-half to nine-tenths of a cage of larvae. 

Work was begun with these beetles with the capture. 
May 13, 1910, in the foothills near Fort Collins, Colorado, of 
a pair of annectans. Eggs of this female were laid in the lab- 
oratory and the larvae reared. When the. beetles eight in 
number emerged, four proved to be like the parents and four 
were kumeralis. Three subsequent batches of larvae giving 
nine adults, were reared from eggs laid by this female and her 
spotted daughters with the result that three of the beetles 
were annectans and six were humeralis. 

For the purpose of obtaining more material and also of 
ascertaining how frequently such mixing occurred, two or three 
dozen pupae of this species were collected outdoors, and as soon 
as the beetles emerged and the colors developed the different 
forms were isolated in separate cages. About fifteen percent 
were humeralis and the rest were about evenly divided between 
meJanopleura and annectans. The humeralis beetles escaped 
by accident, but from the eggs of the other forms a considerable 
number of larvae were reared to maturity. From the eggs laid 
in the melanopleura cage thirty beetles were reared, and m each 
batch a large proportion were annectans, sometimes over halt 
the batch and once the entire batch. Practically the same 
proportions were obtained from eggs of one or two females 
captured at other times. Besides the forms already mentioned 
three individuals of coloradensis appeared among the progen} 
of the above mentioned cage. Unfortunately these were not 
used for breeding purposes but w^ere pinned up and put in t e 
collection. Breeding experiments are now, however, in prog- 
ress with this form. 
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rom the cage of annectans only annectans were obtained 
Tv, nty-five adults were reared from eggs laid in this cage and 
lir: .seven from eggs laid by a female tested in a way to be 
ex- uned later, making eighty two beetles in all, and evLv one 
pp, ed to be annectans. The eggs of one annectans female 
ear: -.red out of doors produced several melanopleura but^Ms 
fennle had probably been fertilized by a hybrid male or evenS 
bole melanopleura and annectans males before it was cant,, rpd 
'fhe hurnerahs beetles reared from the first pair mentioned 
were used for breeding purposes and all the individuals reared 
came true to type, about thirty beetles maturing 

It was now indirectly evident that mixing was quite com- 
moil between melanopleura and annectans and that it sometimes 
occurred between annectans and humeralisy but there was no 
evidence that it occurred between melanopleura and humeralU 
To ascertain whether this latter were possible and also to make 
the actual crosses m the other cases in order to further investi 
gate the law of heredity, efforts were made to cross humeralis 
as often as possible with annectans and melanopleura Humer 
alls was found to hybridize just as freely with one form as with 
the other. No more difficulty was encountered than would be 
expected even among members of the same form under the 
.same circumstances. On one occasion an annectans male chose 
a hiwurahs female even though a female of its own kind was 
present in the cage. 


Unfortunately only one female of humeralis was available 
tor this purpose sufficiently early in the season, but there were 
several males which proved capable and these were crossed 
with females of both melanopleura and annectans The female 
oi humeralis that was used was probably the one that produced 
all ot the above mentioned .80 humeralis, all true to type, she 
at any rate produced a large proportion of them. This beetle 
was crossed with an annectans male but she died so soon that 
only two beetles were reared from this union. They were 
annectans but were too feeble for further breeding. An annec- 
lans-humerahs hybrid female was mated with a melanopleura 
male and later with an annectans male. This female had 
previously been kept in a cage with its brothers and the eggs 
aft f’ seven humeralis and four annectans, but 

fnrf- f’^ixtaraiis appeared though 

Three crosses were made by 
'IS 0 the humeralis males and melanopleura and annectans 



288 Annals Entomological Society of America [Vol ly 

females and from these 169 beetles were reared in the 
generation. All but one were either melanopleura or annc 
according to the composition of the female. This one c ce]). 
tion was a himeralis beetle. • A noticeable character ct the 
progeny of these crosses was the greater vigor of the indivi iqah 
so that a larger percent matured as compared with the 
strains. From one of the above three pairs, an amucliuj^ 
female and a ktmeralis male, the first generation of whici; con- 
sisted of fifty-seven anncctans, four second generation beetles 
were reared and they proved to be two annectans and two 
humeralis. The beetles then refused to lay any more eggs and 
seemed to be preparing for hibernation. They had been 
unavoidably subjected for a few days to a temperature Ion- 
enough to stiffen them up considerably and cause them to 
nearly cease eating and the subsequent removal of them to an 
almost summer temperature, though it caused the eggs to 
hatch in half the time they had under the low temperature and 
increased the appetites and rate of growth of the lar\me quire 
remarkably, failed to cause the beetles to lay any more eggs. 
Work had, therefore, to close for the season at this interesting 
point, and the beetles were put into hibernation.* 

From these crosses there is another lesson to be learned 
besides the relation of annectans and melanopleura to humemli^', 
namely; something about the heredity between melaiwpleiini 
and annectans themselves. The process of mating these forn¥ 
with humeralis which is recessive to both, served as a test of tb 
germinal composition of the member of the pair carrying the 
dominant characters. In the case where two melauopieKni 
females, which had been isolated from annectans from time of 
emerging were crossed with humeralis males there were pro- 
duced 29 melanopleura to 25 annectans, and 31 melanopkura \q 
26 annectans respectively. Melanopleura was in each case :i 
little in excess of 50 percent. In the case of the annexkm- 
humeraUs hybrid female mated with the melanopleura-anna- 
tans male the progeny wms 19 melayiopleura and 28 annecim. 
The higher percent of annectans was doubtless due to thefad 
that an annectans male ivas put into the cage during the latter 

* Just as this article was ready to send to the publisher a lot of secoTui gety;;- 
tion beetles, from the melayiopleura females crossed with the fmmcr<ihs 
emerged. From the eggs of the first generation melanopleura-kumerdh^ hyitn;; 
there were reared 19 melanopleura and 7 humeralis. From the eggs oi ilu* ty 
generation anneclans-humeralis hybrids there matured 12 annectans and -3 /lyy'''-' --'- 
These figures come very near to the Mendel ian ratio for progeny of hybrias. ; 
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par; f the period, because just before the last three batches the 
pro|-' "lion was 16 melano pleura and 18 annectans, and the last 
thrO' 'latches gave 3 melanopleura and 10 annectans thus mak 
,ng ; -ludden change in the proportion. This male was in all 
proliJiility pure annectans as there has not been found in mv 
expo;- once, any proven case of annectans carrying melanopleura 
ehara -ters. The characters carried by the female could have 
l,a,d no influence whatever in the results, since neither of the 
charaoters carried by the female was dominant to the char- 
ictcrs carried by the male. Either the melanopleura or the 
umtcUnis characters of the male would realize themselves 
,vhether they met an annectans or a humeralis character of the 
dniale. These results approximately show that the mela7to- 
bleura-annectans hybrids carry the characters in the proportion 
)f half and half. The somewhat high percentage of melano- 
i)lnm obtained in these cases was more than balanced by the 
stremely low percentage obtained in the case of the progeny of 
lie cage of melano pleura-annectans hybrids, in which case 
mknopleura constituted less than half of the progeny when it 
ihould have constituted three-fourths. The mortality in this 
atter case, however, was so great that the data are hardly 
sufficient. 

Another melanopleura female from melano pleura-annectans 
lybrid parents after being fertilized by some of its melano- 
Heura brothers was isolated for a few days, during which time 
t laid three batches of eggs. From these eggs were reared 
I melanopleura, 3 humeralis, and 1 annectans. . Excepting the 
m annectans, this was just the right proportion for the progeny 
)f two hybrids according to the Mendelian law. This annectans 
ndividual, (if it did not get in by mistake which was very 
.inlikehp great care having been exercised) must have been due 
:o fertilization by a melano pleura -aiuiecla ns male probably 
lefore the melanopleura-humeralis male. The female was 
lien mated with a humeralis male and after that Id adults 
wre obtained, 6 melanopleura and 8 annectans. The results in 
;ms ea.se seem to indicate that there had been a cross between 
he melanopleura ancestors of tliis female and humeralis, while 
* in nature and that in the first generation reared in captivity 
™ dominant melanopleura had kept it concealed, so that it 
Ms not until the second generation that the crossing between 
'^0 V irids happened to take place, thus allowing the humeralis 
iharacter to appear. 
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From the cross between an annectans iemale (rearea ,ron, 
melanopleura parents) and a humeralis male 5/ beetles m; ured 
all annectans. This showed the female to be pure ram 
though descended from melanopleura parents. 

The foregoing results are given b elow in t abulated tr mn 

mel. col. arm. hum. tot^i 


Crosses . 

1 Male— . Jlstgen. 

Yemale— humeralis ) 

2 Male — humeralis list gen. 

Fcmal(^ 

8 Male— humeralis . . . . ■ i 

Female^ — melanopleura 1 ^2d gen. 

4 Mal<^^n< mera/i5 gen. 

YQma\e— melanopleura j 

5 melanopleura* 

and later annectans. . . - ^Istgen. 

female— annectans-humerahs 
hybrid 

Humeralis Hybrid 

female— annectans-humeralis . iQffgpj-ing . . ■ 
'^\ale—annectans-hiimerahs 

female— melanopleura-humeralts . . I 

Malc^melanopleura-humeralis (probably ; . | 

Also melanopleura-annectans [proQ.) .} 

female— melanopleura-humeralis 

Male — humeralis 

Melnnopleura-annectans Hybrids _ 

Cage of males and females offspring 
Female captured, male annectans. 

Two females and one male ] 

mated with recessive. . . . offspring. 
(See crosses 3, 4 and o) J 


A7inectans . ^ 

Cage of males and females— offspring 

One female, captured, male unknown 


31 


76 


94 


offspring 

One female with humeralis male (bee 
cross 2)— offspring 


Humeralis — , i. ■ 

One female with 3 males offspring. 
(Female used later in cross 1) 


Total . 


57 

2 

25 

12 

26 

18 

10 


4 

54 

26 

17 

58 


10 17 

I 

1 i 3 ■ 13 

I 


16 


69 1 1 


91 

19 

6 

57 


82 


li 


30 j 30 


! 4o: 


^ melanopleura-annectans hybrid. 
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om the foregoing results the following conclusions seem 

quite evident: 

is dominant over annectans. cdoradenm, and humnalh 
and the heredity is segregate. 

Over annectans since 

a. The hybrid fonn between mdanopleura and cmertans is 
mdanopleura. Of the progeny, 30 in number, of a ci'm of 
melanopleura, annectans constituted over half Tn th 
propny of two females and one male tested bv mal nv 
with there appeared 7 (i miwr/ew' and 60 

melanopleura, altogether, which is verv close to 

hybrid?" segregation of characters in 

1). Annectans ht>s in no case given evidence of carrvino- mehno 
pleura characters. The 2.5 progeny from a "ca-.e of 
annectans showed no melanopleura characters nor did anv 
of the 57 progeny of the annectans female maled with 
humeralis. 


2. Over coloradensis since the hybrid fonn between melanopleura 
and coloradensis is melanopleura as is shown bv the fact that 
3 coloradensis appeared among the offspring of melanopleura 
parents. ^ 

OwT humeralis since 


a. The hybnd form between melanopleura and humeralis is 
mdanopleura. In the first generation from three cros.ses 
of mdanopleura with humeralis or with annectons-himeralis 
hybrids, humeralis appeared but once among 150 individ- 
uals. A mdaiiopleura-humeralis female mated with its 
brothers gave !) mdanopleura. 1 annectans, and 3 humeralis 
The .same female mated with a humeralis nmlc rave ’6 
mdanopleura and S humeralis, approvimatclv showini^ 
the segregation of characters to be according to the 
Alendclian law. The second generation from crossiin's of 
mdanopleura with humeralis censisted of 19 mdanopieura 
and 7 humeralis. ^ 


I). Humeralis has gdven no evidence of caiTving melanopleura 
characters. 1 he 30 offspring Iroin humeralis narents all 
came tnie to tyi^c. 

n. Aniicctaus is dominant over humeralis since 

a. The hybrid fonn between anueefaas and humeralis is 

annectans. In the cross between annectans and humeralis 
humeralis did not aj^pcar at all in the first generation of 
')/ progeny, but did api^ear in half of the second ‘gen- 
eration which consisted of 4 beetles. A nuecians-humeriilis 
lybnds mated with each other produced 7 annectans and 
ly humerahs in one case, and in another 12 annectans and 
0 humeralis. 

b. Humeralis has given no evidence of carrving annectans 

Characters, as shown by the 30 offspring oY humeralis 
parents all true to type. 
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This subject is still unfinished and experiments are i ,«■ 
progress to determine the relation of coloradensis ai . thf 
rather albinic form of annecians to the other forms. 

It would be interesting to interbreed these forms witi other 
species of Adalia, especially with the European /n'gitf a Sc: oeijef 
and with bipunclata Linneaus. 

Observations were also made on the beetles used ;i jhf 
foregoing experiments for the purpose of ascertain! g ;))(, 
heritability of the characters of the spots on the cb, ira ij 
annecians and of the markings of the pronotum in tli s same 
form and in melanopleura. The progeny resulting foam the 
mating of annecians and melanopleura beetles with the recessive 
humeralis were examined when the number was large enough 
to afford sufficient data. The beetles in these cases were par- 
ticularly advantageous for this purpose because the dominant 
characters would be the only ones to show in the first genera- 
tion, thus reducing the number of strains which would appear 
to one or two. In the case of the melanopleura-aiuMm 
hybrids there would be one strain of annecians one oi 
melanopleura. which would afford a very simple series and shmv 
very plainly whether these characters behave at all as nmt 
characters or whether they seem to be fluctuating variations. 
The results are shown in the drawings Figures 2 to 7, Plates 


XX to XXII. 

In the markings of the pronotum, special attention was paid 
to the character of the lateral black spot and the extent to 
which was it enclosed by the surrounding white. The mcdiaii 
posteriorly pointed dash of white from the apical margin and 
also the basal marking of whitish are sometimes very small or 
even absent; but in this study only secondary attention ms 
paid to these and the drawings, except curve (e), Fig - Plate 
XXII, are arranged in series according to the aforesaid b.ackbpot 
The pronota of melanopleura and annecians arc arrange 


separately in each case. ' ^ . 

In the case of the elytra primary attention was paid to 
confluence of the spots, and the series is arranged ^ccor. mg to 
the number of confluences in each case. The parcMi b u 
series are drawn in full or designated above and t u rb ^ 
eration progeny in a row below. The numera s lieloi 
drawing indicate the number of individuals in that ^ . 
the humeralis parent seems to have no influence on 
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, of the first generation it was not thought necessarv to 
jIj.; this parent. 

gure 2, Plate XX represents the annectans-humeralis hybrid 
,g,. e and her progeny resulting from union with a melano 
pi,, .i-annectans hybrid male, and also for the last few days of 
t!a Kperiment, with a pure anneclans male. The numberine 
ot t.o spots is after Weise taken from Johnson 1910. In this 

the progeny would contain four strains of anneclans, one 
.iron' the mother, one from the melano pleura-annectans father 
and two strains from the anneclans father, which, however 
fouid hardly have affected more than the last three ’batches of 
eggs. This would be just the number of strains to be repre- 
sented if two members of anneclans were mated. The males in 
thi. case were both lost and so can not be shown in the figure. 
Of the batches after the anneclans male was introduced in the 
elytra series, one beetle was in class (d), six m class (e) 
three in class (f), and one in class (i). In the pronota 
series four were in class (k) and seven in class (1). There was 
considerably less variation among these than in the foregoing 
batches, but whether it was due to the anneclans male or to 
environmental influences can not be ascertained with certainty 
but as these were reared later in the season than the foregoing 
batches, during the' latter part of August and the early jiart of 
September, during which time an unusually cold wave occurred, 
the only environmental influence would probably have been a 
lower temperature. This factor, however, would, from the 
e.xperience of Tower* and Johnson, be e.xpected to produce a 
melanic effect, but here the difference was albiiiic rather than 
melaiiic, so the case does not seem to be explained by the 
environmental factor, and unless it was produced by some 
unknown cause, seems most probably to have been 'due to 
heredity factors introduced by the anneclans male. 

It will be noted in thi.s case, Figure (i, curve (a), Plate XXI, 
and Figure 7, curves (a), and (b) Plate XXII. that all of the 
hectics, of both melano plciica and anneclans, which were reared 
from this female were rather at the albinic end of the scale as to 
both elytral and pronotal characters. In the elytra none 
Ime more than two full confluences and the mother ranks at 


(■I'l J.'.'lV''' ".hlhim l.awrenec, l'.)(Xi. .An Invosti.ijaiidu nf in Chrvsom- 

I’liK.No Is ™ Lcptinotarsa. Canivsie Institmion of W.ishingion, 
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about the middle of the series and at one of the highest p 
of the curve. In the case of the pronotum the mother vas 
decidedly more melanic than the apex of the curve for < 
a 7 inecta 7 i$ or melano pleura. The curves for these two ; ’.-jiis 
were not alike, annectans having the greatest number, ! p^.j. 
cent at the albinic end of the scale with the black spo: a;cll 
enclosed by the surrounding white. In the melano; 
series only 11 per cent were at this point, the largest nir iber. 
S3 per cent, having the black spot rather weakly ent .serj. 
None of the annectans here showed the red pattern Cii the 
elytra, as shown in Figure B, Plate XIX, though the iroiher 
shows it faintly. 

Figure 3, Plate XX, represents the annectans female crosscii 
with humeralis male. In this case we would expect lo find 
only two strains of annectans. Here, however, the variation 
was considerably broader than in the former case where four 
strains were represented, the curve beginning at the same 
point of albinism as the former case and extending to four and 
a half confluences (that is to four and a pronounced tendency 
to a fifth confluence). Figure 6, curve (b). The mother was 
several degrees more albinic than the highest point of the 
curve. Note here that in the mother there is an absence of 
spot 4 and also that there is a small spot between spots 1 and 
which, though very unusual, probably denotes tendency to 
confluence between spots 1 and 2. Neither the presence of 
this extra spot nor the absence of spot 4 show in any of tlic 
progeny examined, though both confluence and tendency to 
confluence appear between spots 1 and 2. The mother of thew 
seems to have shown nothing of the red pattern mentioned 
above and shown in Figure B, Plate XIX, but in the ;17 oli* 
spring, 9 showed it very plainly, lb moderately plain, 4 faiiitl_\, 
and in 6 it was absent. 

Figure 4, Plate XXI shows a melanoplenra-annectans hybnd 
female, crossed with a himeralis male, and her first generation 
progeny. Here there can be but one strain oi anncckm 
appear in the progeny. The curve of variation, Figure (i. curve 
(c), Plate XXI, covers a somewhat wider range of vanauon 
than in the case of the first instance, curve (a) where to 
strains are represented, the largest number of confluences being 
three. Here 23 out of 27 or 85 percent lack spot 6. In the pro* 
nota of annectans a peculiarity was observed in that sometime^ 
either the basal marking or the apical median dash were ac un^. 
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these pronola two curves were given, Figure 7, curves (d) 
(c) curve (d) to show the variation of the lateral spot onlv 
(e) to represent the general melanism when the other 
kings are considered, each degree representing about the 
valent of the melanism of the state of the lateral spot i- 
n in the legend for the respective columns. The curve foi^ 
.rtans in this series was much broader than that for melano 
The mother was rather toward the albinic end of the 
for annectans and at the melanie end for melanobleurn 
of the annectans, 27 in number, had the red spots on the 
rra. as shown in Fig. B, Plate XIX. 


■ Figure 5, Plate III, shows another melanopkiira-anneckms 
hybrid, female mated with a humeralis male, and her first 
generation progeny. Here again would be but one strain of 
annectans. The range of variation in the elytra of annectans 
was not very broad, showing none of the more albinic forms 
the curve. Figure 6, curve (d), Plate XXI, beginning at one con- 
fluence and extending to three and a half confluences. In the 
pronota of the annectans series, Figure 7, curve (gj, Plate XXII 
uniformity almost obtains, 9.3 per cent having the lateral "spot 
well enclosed and 7 per cent being one-fifth enclosed. In the 
melanopkura series, however, the curve, Figure 7, curve (h) 
Plate XXII, is very broad extending to a degree of melanism that 
is quite rare. The mother ranks at the albinic end of the scale 
though the highest part of the _curve for her mehnopleura 
offspring is four degrees further to the melanie end of the scale. 


GENERAL O HS K K VA T ION S . 

In comparing the curves for the elytra it must be born in 
mind that the chief points of comparison arc the melanie 
positions of the range and highest p'oints of the curves. Since 
the number of individuals represented b)- each of the curves 
was not uniform, the exact number on an>- one line shown by 
the different curves is not truly comparable; onlv the melanie 
position of high and low points and range in each curve can be 
compared with the same in another curve. 

It will be noted that each curve has one or two pioints that 
are much higher than any'" other jioints in the curve, and that 
these high points in the different curves vary greatly in melanie 
position, also that the curves vary considerably in'their range, 
it seems as though these high points in the curves might repre- 
sent centers of variation. The curves would then signify that 
1 erciit strains of these beetles have different centers of 
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variation and different scopes of variation. Curve (c), Figure i, 
Plate XXI, which represents but one strain of annectans cover a 
wider range than curve (a) which* represents four strai. s. 
Curve (d), which also represents one strain is quite narn 
seeming to signify that this strain had a greater degree of c. i- 
stancy than the others. The mother in each of these a, 
occurred within the range of variation for her progeny but ot 
always at the highest point of the curve though in both of he 
instances where this observation was possible she occurred at 
one of the high points, see curves (a) and (b), Fig. 6, Plate XXI. 
Two of the mothers being nielanopleura had no place in the 
elytra scries, and since in the cases where the mother was 
annectans two or more strains were represented, the fact of the 
highest part of the curve not being at the same position as the 
mother might in this case be explained as due to one of tlie 
other strains involved. 

There seemed in some cases to be a certain measure of her- 
itability of different characters in the color pattern of the 
elytra. The absence of spot 6 in Figure 4, Plate XXI, seemed to 
be inherited to a large degree since it was lacking in 21 out of 27 
beetles. The mother being mdanopleura could not be observed 
on this point. This spot seems from my observations to be the 
one most frequently lacking in this form, indeed almost the 
only one except in a small minority 'of beetles. Spot 4 was 
absent in only three beetles in this study, in Figure 3 iai. 
Plate XX, and in two others not drawn but ranked with (f ) and 
(g) respectively in Figure 2, Plate XX, spot 5 was faint in one, 
Figure 3 (c). The absence of spot 4 seemed not to be inherited 
in these cases, as no case of absence occurred in the 37 progeny 
of the mother, Figure 3 (a), which lacked it, and it appeared 
only twice in the 30 offspring in Figure 2, Plate XX. 

Some observations were made on the order in which con- 
fluences take place. Spots 0 and 7 seemed to be the first as a 
rule to connect, as in this study there was only one instance 
where a beetle showed confluences and had these spots separate, 
see Figure 3 (e). There were three such cases where spot () was 
absent, but even in the case of absence there was often a pro- 
jection toward its position from spot 7 as though in these 
instances the confluence was even more persistent than the 
spot itself. After this confluence no further order was observed 
except that between spots 4 and 5 it seemed to be the most 
unusual and perhaps the last in order. 
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In the case of the pattern of reddish spots on the elvtra r,f 
nnectans Figure B, Plate XIX, it seemed as though there mh^ht he 
grcgation m some cases at least, and that the absence of the 
naracter was dominant to its presence. In the series in Figure 
, Plate XX, it shows faintly in the mother (the dimness may be 
iie to fading after death as this character was not recorded 
uring life) and it was plainly evident in the mother and a 
: rother of this beetle, in fact in all of the individuals of this strain 
< iiat have been preserved. It shows in none of the 30 progeny 
,,f this beetle, but this absence may be explained as due to 
the males, which being lost, can not be examined as to their 
jiossession of the character. 

In the series in Figure 3 where the mother does not show the 
marking but carries two strains of annectans, it appeared in 
five-sixths of the beetles to a greater or less degree. As the 
male in this case was htifyicTQlts both of these strains must have 
come from the mother and its absence in her development 
would seem to signify the dominance of the absence of the 
character over its presence. The proportion, however, found 
in the progeny seems rather puz7ding unless the himeralis 
character from the male could have had any influence in the 
proportion, which seems unlikely. 

^ In the series in Figure 4, Plate XXI, it appeared in all of the 
2/ annectans progeny. The mother, being nielanopleura of 
course does not show it. In the series in Figure 5, Plate XXI, 
some show it and some do not. The exact number in each case 
can not be determined as some of the beetles have developed so 
much of the red color in their elytra during hibernation that it 
is impossible to tell with certaint>’ whether they possess the 
character or not. The mother being fuelaiioplciti'a of course 
does not show the character. The fact that some clearly show 
its presence and others just as clearly show its absence when 
they are all from one strain of (unicctaus seems to be evidence 
against segregation in this case. 

In the pronota curves in Figure 7, Plate XXII. the matter is a 
little more complex as there are both auuectans and melafioplenni 
to be represented for each female except one, Figure 2, Plate XX. 
As the curves for these two forms even when from the same 
parents were different in every case not only in the position of 
the apex but also in range and sometimes very different, it 
^vould seem that each strain keeps distinct ; that is. the pronotal 
characters of annectans do not mix with those of me! a no pie lira. 
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When, however, the characters of the mother ar^ compare 
with those of her offspring which are of the same form as hers* ; 
little uniformity was found. In no case did she rank at t: 
highest point of the curve, neither did she ever occur at . 
lowest point, nor ever outside of the range of variation for tj . 
offspring. There seemed to be some degree of heredity but i 
was not constant. The results appear a good deal the same s 
in the elytra, that there arc centers of variation and a certa.n 
limit of range that were inherited to a greater or less degree, b u 
with no evidence of segregation of unit characters such as ooc^irs 
between melanopkura, amiectans^ and humeralis. 

ADDENDA. 

Since sending the foregoing article to the publisher results 
have been obtained in the experiments concerning the relation 
of coloradensis, the so-called albinic form of annectans, and a 
similar form of melanopkura to the other forms treated. The 
albinic form of annectans, so-called for want of a better name is 
above described separately under annectans and figured at F. 
Plate 1. The albinic form of melanopkura is identical with 
that of annectans in pronotal characters, namely, it lacks the 
lateral dot, the lateral margin of the pronotum being broadly 
pale as in coloradensis; in all other characters it agrees with 
melano pleura. The results obtained are tabulated as follows: 


Parenti? 

— • — - - I 1st gen. Offspring 

Male Female i 


Appearance 

Characters 
carried t 

Appearance 

Characteri 
carried t 

s i al. 

: M M 

al. 

A ; A 

C H 


C 

C and H 

H 

H 



4 3 

7 

unknown 

H 

MandA ' 
li 

ai. A 

C and A 

1 4 , 2 

1 ; 1 

3 

2 

\ 

H 

n 

al. M 

C and M 

3 : 


1 

4 

C 

C and H 


M and H 

0 7 


: 4 (j 

2:1 

al. A, 

C and A 

M 

M and H 

3 3 

: 3 

2 

11 

al. A. 

C and A 

al, A. 

C and A 


13 5 

0 

2:l 



ill 

H 


■ : 7 

10 

17 

lA 

A and II 

1 

A 

A and H 


1 

11 

; 2 

i:i 

al. M 

C and M 

al, M, 

C and M 

4 

1 


4 




_Tc)taL.^ 

.10 !i6 

14 30 

■18 ,21 

llo 


A means amiectans; C, coloraden.sis: H, humeralis; al. A. albinic unucihiv.i: 
al. M, albinic melanopleura. 

t These are given as shown by the offspring when not known from 
breeding. 

t This male was, judging from appearance, an intergrade between afuurlisti^ 
and albinic annectans. It lacked the basal spots on the elytra but possesM-'l ip*-' 
lateral dot on the pronotum, which latter seems to be the ultimate dlstincaasn- 
ing character. 
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These results seem to furnish conclusive evidence 

That coloradensis is a good variety or type equal with mdanoplcura 
anneclans. and humerahs, acting as a unit character in horcd tv 
That when crossed mth annectans, coloradensis produces a blended 
hybnd, m both elytral and pronotal characters, namely the fom 
above referred to as an albinic form of annectans ™ 

That when crossed with mclanopleura a blend is produced in thf 
pronotal characters, identical with the annectans blend- but in 
the elytra mclanopleura dominates entirely.* This form was 
mentioned in the description of mclanopleura as a “more albinic 
form.” 


J That when crossed with humeralis coloradensis dominates perfectlv 
.so that the hybrid fonn is indistinguishable from the pure strain 
of coloradensis. 


It seems that in every instance the more albinic character 
dominated over the more melanic one; for example: immaculate 
elytra, in melanopleiira, dominate over the spotted ones of each 
of the other forms. The absence of the black lateral dot in the 
pronotum, in coloradensis, dominates over its presence in each of 
the other forms. The presence of the whitish basal marking on 
the pronotum, of annectans and melano pleura, dominates over its 
absence in coloradensis and humeralis. The absence of the 
basal elytral spots, in coloradensis, dominates over its presence 
in annectans. The usual absence of confluence in the median 
and apical series of spots in annectans dominates over the con- 
fluence in these spots in coloradensis. Humeralis which pre- 
sents the most melanic characters in every particular in both 
elytra and pronotum is perfectly recessive to each of the other 
forms. 

The inheritance of the faint lateral dot on the elytra in 
melanopleura was observed in the specimens at hand but no 
law was ascertained. It seems to be a mere fluctuating 
variation. 

The single humeralis beetle mentioned in the article as 
appearing among the first generation offspring in the 4th cross 
in the table, between humeralis and melanopleura parents, was 
tested in breeding. It proved to be a male and was put into a 
cage with two humeralis females, from the eggs of which seven 
pro geny w ere reared to maturity. All of these were humeralis 

tir.i-. Statement is to be reconciled witl; the statement in the foregoing ar- 
‘ is dominant over coloradensis by the tact that at that time 

i iriU was considered as only a variant of melanopleura. 
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which seems to prove that the beetle in question pm 
strain. This beetle may possibly have gotten into the cage 1 
mistake in spite of the great care exercised, as several doz( , 
cages containing larvae of all the forms were being tended ai i 
cleaned daily. 

Five other offspring were reared from humerahs beet! s 
obtained in these experiments, and these all came true, makinor 
42 progeny in all reared from humeralis parents, breeding tn.e 
in every instance. 

Two humeralis beetles without dorsal spots were obtairied 
as the progeny resulting from a cross between a melanopkuni 
male, (evidently a humeralis hybrid) from out of doors, with an 
annectans-humeralis female representing the third generation 
of humeralis reared in the laboratory. All of the ancestors and 
progeny, two in number, of this female, by a former mating 
showed the dorsal spots normally developed. These two beetles 
were the only progeny obtained from this union and efforts to 
rear offspring from them, though they proved to be male and 
female, have thus far been fruitless, seemingly due to a weak 
constitution as the eggs hatch poorly. The male seemed 
weak and both beetles died soon. It would seem from this case 
that the absence of these spots dominated over its presence, 
which is contrary to the behavior of heredity with regard to the 
other characters of this group. If this is not the case the 
strain in the laboratory must have carried this character of 
absence through three generations without it having a chance 
to meet its equal so as to be abh3 to realize itself. 

Another cross which was made between an annectans male 
and a humeralis female last August but which laid no 
until this, the following spring, produced in the first geneartion 
26 beetles, all amiectans. The humeralis female was later u^ed 
in the first cross represented in the first table in addenda. 
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EXPLANATION OF PLATES. 

PLATE XIX. 

;'iG. A. Adalia melanopleura Leconte, 
i-' iG. B. Adalia annectans Crotch. 

;'(G. C. Adalia annectans Crotch. 

Fig. IL Adalia humeralis Say. 

;'iG. E. Adalia coloradensis Casey. 

i"iG. F. Adalia annectans Crotch. 

i'lG. G. Adalia melanopleura (more albinic form). 

iho. H. Pupa of -<4. annectans, melanopleura, coloradensis, anrl humeralis 

I'lG. I. Larva of .A. annectans, melanopleura, coloradensis and Jmmeralis. ’ 

]'hG. J. Eggs of A, annectans, melanopleura, coloradensis and humeralis 
All drawings are magnified 5 diameters. 

PLATE XX. 

Fig. 1 shows in diagram the results of the foregoing experiments in inheritance 
bouveen annectans, melanopleura, coloradensis, and humeralis. The numerals be 
ncath the circles in each case indicate the number of individuals in that class. The 
linos connecting with higher circles indicate parentage in each case. 

Fig. 2. a and b— characters of annectans-humeralis female, mated with malo^r 
indicated. 

c toj— elytral characters of annectans ofTspring. 
k to n pronotal characters of melanopleura and annectans offspring- 
Numerals indicate number of individuals in the class in each 
case. 

Fig. 3. a— clytral characters of annectans mother, mated with male indi- 
cated. 

b to Cl— elytral characters of annectans offspring. 
p to I’—pronotal characters of annectans offspring. 

Numerals indicate number of individuals in each class. 

PLATE XXI. 

Fig. 4. a and characters of melanopleura annectans mother mated with 
male indicated. 

c to 1 — clytral characters of annectans offspring. 
m to /— prutunal characters of annectans offspring, 
a to i'— pronotal characters of melanopleura offsprtng. 

Numerals indicate number of individuals in each class. 

Fig. 5, a and characters of melanopleura-annecfnns mother, mated with 
male indicated. 

c to d pronotal characters of iinnec tans offspring. 
e to elytral characters of annectans offspring. 

I to r pronotal cliaractcrs of melanopleura <.*ff spring. 

Numerals indicate number of indi\i(luals in e.'icii class'. 

Fig. G. Shows the curves representing the \-ariution in the clvtral characters 
^nhe annectans offspring, drawn in the foregoing figures. Tlic numerals on the 
im show the number of individuals. The degrees of mehmism are designated bv 
the legend below in each case, the most albinic being al llic extreme left and tlie 
most incianic at the right. ‘■Confiuence ^Thneans one case of tendenev to con- 
taicncc. confiu''nce ^ means two^cases of tendency to continence. The latter 
^ of its own as it docs not seem eipial in melanism to one full con- 
tinence. I he curve above the legend “.spot G absent" does not represent all tlie 
mdmduals lacking that spot, Init onlv those with no case of conlluence 

Liirvc (a) presents the series in Fig. 2. Plate 1 1 . 'Fhc lull line triangle shows 
tin. po.sition ot the mother in this series, 

rmr!:«'nF 11’^ '•fP'-.^ents the series in Im.s;. 3, Phue II, The hr, .ken line triangle 
nprostntb the position of the mother. 

f urve, (c) represents the .series shown in Fig. 4, Plate III. 
eiiive {(1) represents the series shown in Fig. 5, Plate III 

Phw rlhh 



302 


Annals Entomological Society of America [Vol. iv 


PLATE XXII. 

Fig. 7 shows the curves for the pronotal series. 

Curve (a) represents pronotal characters of annectans offspring shown b 
2, Plate II. ‘ 

Curve (b) represents pronotal characters of melanopleura offspring in F o 
Plate II, 

The open triangle represents the mother of the series represented bv r- -v 
(a) and (b), Fig. 2. a and h, Plate II. ^ 

Curve c) represents the annectans series in Fig. 3, Plate II. 

Curve (d) represents the annectans series in. Fig. 4, Plate III. 

Curve (e) repre.sents the annectans scries in Fig. 4, Plate III, accord t 
general melanism. 

Curve (f) represents the melanopleura scries in Fig. 4, Plate III. 

The open triangle represents the mother, Fig, 4, a and h, Plate III. 

Curve (g) represents the annectans series, Pig. 5, Plate III. 

Curve (h) represents the melanopleura series, Fig. 5, Plate III. 

The solid triangle represents the mother Fig. 5 (a) and (b), Plate HI. 
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SPECIFIC CHARACTERS USED IN THE GENUS 
PSEUDOCOCCUS. 

By P. E. Smith, 

Entomological Laboratory of Cornell University. 


INTRODUCTION. 


The purpose of this investigation was to determine the 
V. iue of the specific characters used in the descriptions of 
species of Pseudococcus. While all characters used have 
probably not been noted and while some of those omitted mav 
be of considerable value still the more common and important 
characters have received attention. ^ 


The investigation has been limited to five species,* namely 
agrifoliae Essig, citri Risso, crawii Coq., longispinus Targ and 
obscurus Essig. A large number of individuals in each species 
has been used giving a comparative study for specific variation 
The writer wishes to thank Professor Alex. D. MacGillivray 
for the many invaluable suggestions given. ^ 


TABULATION AND STUDY OF CHARACTERS. 

An examination of the descriptions of species in this genus 
shows a great similarity in the characters used. Provided that 
these characters do not vary beyond certain limits, this would 
make the identification of the species easier. However, if these 
characters vary to any great extent and overlap and merge 
into each other, the adherence by systematists to these char- 
acters instead of the introduction of new ones is unfortunate 
and would make the identification of species very difficult, if 
not impossible. In that case the most valuable data in the 
descriptions would be the locality and host-plant data. 

Body. 1.^ Size.-In the great majority of descriptions, the 
length and width of the body is given. In the measurements 
given, a great variation in the length of each species is noted. | 
Lengths such as 3—4 mm., 2—5 mm., 1.5—4 mm., are very fre- 
quent, showing the wide variation noted by those describing 
species. The tablesj showing the lengths of the body, (Tables 
L 2, 3, 4, 5) in the five species studied do noUshow a variation 
any greater than this. A variation of from one and one-half 


i does not express an opinion upon the validitv of these species, 

T K. Mathewson. Can. Entom. XXXIX, p. 286. 

1 ^ y lollowing tables an ocular micrometer with a 2-5 and 1-S 
bjective were used. All measurements are given in microns. 
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to twice the length of the smaller specimens is shown. A 
greater variation would probably be found if a larger num. cr 
of specimens were measured. 


TABLE 1. Pseudoc(k:c us obscurus Essig. 


Specimen 

Length of 
Body 

Length of 
Setal-loop 

Length of Setae 
of Anal- lobes 

Length of S lap 
of Anal-ring 

I 

2736 

544 

152 

136 

176 

II 



152 

152 

168 

III 

2784 


160 

160 

184 

IV 

2526 

736 

152 

144 

192 

VI 

2304 

720 

152 

148 

190 

IX 

3120 

560 

156 

146 

185 

XI 

2040 

320 

136 

135 

176 

XII 

2688 

848 

137 

145 

168 

XIII 

3000 

696 


152 

167 

IVX 

3072 


150 

142 

168 


TABLE 2. Pseudococcus agrifoliae Essig. 


Specimen 

Length of 
Body 

Length of 
Setal-loop 

I 

2028 

1160 

TI 

3312 

1129 

III 

4200 

1165 

V 

3336 


VII 

4205 

120 

X 

2928 

400 

XIII 

3120 

405 


XVII I 4080 I 


Length of Setae 
of Anal-lobes 

Length of Setae 
of Anal-ring 

221 

216 

240 

224 

223 

200 


208 

184 

182 

184 

176 

208 

225 

292 

200 


200 


215 

248 

208 

203 

208 


TABLE 3. PsEUDQGOC CUS citri Risso. 


Specimen 

Length of i 
Body I 

Length of 
Setal-loop 

Length of Setae 
of Anal-lobes 

Length of Setae 
of Anal-rmg 

I 

3120 

416 

162 

178 

108 

II 

2304 

256 

180 

163 

108 

ni 

2526 


245 

223 

120 

IV ^ 

2808 


216 

209 

129 

V 

2664 

' 448 


228 

118 

VI 

2448 

240 

221 

216 

117 

VII 

3144 


181 

182 

120 

VIII 

2328 


192 


115 

IX 

2662 

144 

235 

216 

1 25 

X 

2712 


225 

233 

i:io _ 
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TABLE 4. 


Pseudococcus crawii Coq. 


cimen 

Length of 
Body 

Length of 
Setal-loop 

Length of Setae i 
of Anal-lobes 

Length of Setae 
of Anal-ring 

n ' 

VI 

VII 
vin 
!X 

X 

3048 

2184 

2160 

2256 

2160 

2165 

2208 

2376 

2373 

2448 

98 ■ 

101 

120 

108 

228 

241 

216 

208 i 

200 

224 

223 

245 

239 

200 

215 

256 

248 

201 

176 

222 

220 

144 

168 

154 

176 

192 

201 

169 

160 

184 

160 

TABLE 5. Pseudococcus uoxgispinus Targ 

Specimen 

Length of 

Length of : 

Length of Setae 

Length of Setae 

i 

Body 

SetaMoop 

of Anal-lobes 

of Anal-ring 

I 

2088 


132 

! 120 

139 

II 

2160 


130 

124 

132 

III 

1 1944 


96 

108 

120 

IV 

2328 


95 

113 

121 

VI 

2664 


113 

121 

132 

VII 

2692 


127 

128 

137 

VIII 

2952 


125 

123 

144 

X 

3312 


228 

126 

131 

A 

2950 


120 

119 

133 

B 

2526 


115 

i 122 

131 


Also only the larger individuals were studied because of the 
danger of including those in the nymphal stage. Each species 
was collected from the same or neighboring host plants and 
were apparently under similar conditions, so that size cannot 
be taken as a specific character of any great importance. These 
measurements were taken from mounts. If unmounted spec- 
imens were used, the variation would probably be still greater, 
as then a second factor, namely, the amount of secretion pres- 
ent, would enter. Because of the great variation in size of the 
different individuals in a species the size of a specimen can be 
of but little if any value in specific determination. 

2. Shape. — In descriptions the shape of the body is vari- 
ously given as elongate-ovate, rounded-oval, convex, tapering 
at ends, elongate, etc., words which are nearly synonymous. 

few species are stated to be considerably out of the ordinary 
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in shape, but in general synonyms are used in the descrip i 
of body shape. In the species studied, this could not b an 
important specific character as all the species studied we^ of 
practically the same shape. However, in some species, hji; 
might be a distinguishing character, 

3. Color. — In descriptions the color of specimens is us' aliv 
given, being stated as, whitish, greyish, pinkish, with a 
tinge, etc. The dermis of specimens in this genus is red. The 
color of the insect depends on the extent that this dernns is 
hidden by the waxy secretion. The amount of waxy secretion 
depends largely on the position in which the individual develops. 
Those in exposed position requiring more of the waxy covering 
as a protection than those developing in well protected situa- 
tions. This variation in color is well shown in agrifoliae Essig 
The color in this species is usually of a reddish, pinkish, or pink- 
ish brown. The writer has found specimens, however, ovipositing 
in exposed positions which were completely covered with the 
waxy secretion and through which the red dermis was not 
visible. Thus all variations from a white to a red specimen 
were found. In the other species studied the color was nor- 
mally white. In the five species studied color as a charactei 
for separating the species could not be relied upon. 

4. Segmentation.— In many descriptions the segmentation 
is referred to as distinct or not distinct. This is a charactei 
that is not used to any great extent. This is fortunate as the 
value of the prominence of the segmentation as a spQeific 
character is extremely doubtful. In mounted specimens it 
would depend to a large extent upon the method used in prep- 
aration. The segmentation in chloroform mounts is well pre- 
served. In caustic potash mounts it would be largely oblit- 
erated. In unmounted as well as mounted specimens the age 
and size of the specimens is of great importance. In nymphs 
of Pseudococcus the segmentation is very distinct. As it 
passes through its last moult and becomes an adult, this dis- 
tinctness of the segmentation is lost to a degree. Then as the 
insect becomes more and more distended with eggs this ten- 
dency to lose its prominent segmentation is increased. Also 
the distinctness of the segmentation in unmounted specimens 
would depend somewhat upon the amount of secretion covering 
the insect. With these factors it does not seem that the dis- 
tinctness of the segmentation can be a very satisfacton' 
specific character. 
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ANTENNAE^-The number of segments of the antennae 
is generic and not a specific character, and so is of no imnon 
a, in separating species. Several species have been descrihcH 
,vi: , seven segmented antennae. The number of sesments 
eig r. of the type of the genus, longispinus targ has been 
ad pted in this paper. However, a dimorphism’ has been 
de-. ribed in two instances, viz.: by Folsom for trifolii Forbes 
and by Essig for agrifolme Essig. In these descriptions there 
is said to be a- winter form whi^h has seven segmented antennae* 
this form giving rise to the summer form with the normal eight 
segmented antennae. If further investigation shows these 
observations to be correct, it will be of both specific and generic 
importance. 

The comparative length of the different segments of the 
antennae is a character that is the most used of any of the 
characters of the insect’s body. The relative length of the 
segments and the formulae deduced from the measurements is 
almost invariably contained in descriptions. Sometimes a 
considerable variation is noted, several formulae being given. 

In this study ten specimens of each species were used* 
Aside from the question of variation which will be taken up 
later, the relative length of the antennal segments is not a desir- 
able character to use. The greatest difficulty in its use is the 
difficulty of making correct measurements and the determina- 
tion of the exact limits of the various segments. The chitin is 
not continuous from one segment to the next and consequently 
the portion between the chitinous parts of the segments, the 
conjunctiva, is not visible or only slightly so in well cleared 
specimens. Consequently, in making measurements, the deter- 
mination of the end of a segment will be onlv approximately at 
ffie center of the conjunctiva. This difficulty will be much 
increased if there are some bends in the antennae. A second 
difficulty is to determine some point at the end of the segment 
from which the measurement will always be taken. This 
difficulty is most apparent with the first segment. This seg- 
ment is an irregular truncated cone with the sides of different 
lengths, and but little longer than the width across the base, 
ft will be seen that the determination of the same points for 
ffie measurement of this segment would be nearly impossible. 
In the tables given the writer docs not feel that the measure- 
ments of the first segment are dependable. Another difficulty 

getting dependable formulae is the very slight difference in 
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the length of some of the segments compared to each other a 
difference of only two or three microns is all that is four in 
some of the segments. It would be exceedingly difficur to 
eliminate inaccuracies to the extent that the formulae w ,ni(j 
not be changed by them. Or in other words, the limit of . rror 
is so small that error, even with the greatest care, is bou, d to 
occur. Unconsciously the measurements would be mace to 
conform to a given formula or to other measurements. Thg 
writer continually met this difficulty. The measurenients 
given in Tables 6-10 were taken with an ocular micrometer at 
a magnification of 660 diameters. Much more accurate work 
was possible than would have been with a camera lucida. 


TABLE 6. PsEUDO^cus cr awii Coq. 


specimen 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

Ffjrmuiae 

I 

60 

65 

67 

67 

74 

77 

55 

53 

38 

48 

46 

41 

48 

48 

103 

106 

83214765 

832n{75}6 

II 

67 

62 

1 

72 

79 

87 

84 

48 

46 

50 

48 

48 

46 

48 

53 ' 

no 

115 

83215(647) 

832175(64) 

in 

60 

62 

72 

67 

74 

79 

53 

53 

58 

48 

46 

48 

50 

50 

108 

108 

83215476 

832147(65) 

IV 

70 

70 

72 

77 

94 

96 

55 

46 

58 

53 

53 

48 

48 

48 

108 

118 

83215467 
, 83215(67)4 

V 

60 

1 67 

72 

74 

i 96 

1 94 

50 

43 

60 
j 58 

53 

48 

48 
■ 50 

115 

117 

8321.5647 

83215764 

VI 

62 

65 

77 

79 

91 

86 

46 

48 

j 55 

70 

50 

46 

50 

48 

118 

no 

83215(67)1 

83251(47)6 

vrii 

62 

62 

70 

67 

82 

82 

53 

50 

1 53 
53 

53 

50 

46 

50 

115 

115 

8321(456)7 

83215(467) 

IX 

60 

60 

67 

70 

74 

74 

48 

48 

55 

65 

48 

48 

53 

53 

108 

113 

8,32157(64) 

832157(64) 

X 

60 

.58 

67 

67 

! 79 

1 

48 

48 

.50 

52 

46 

43 

' 50 
48 

108 

108 

8321(57)46 

83215(47)6 

XI 

65 

60 

67 

69 

72 

77 

48 

43 

48 

48 

53 

41 

50 

48 

106 

106 

832167(45) 

8321(57)46 


An examination of the tables mentioned will show the peat 
variation met with. Following herewith is a discussion of the 


tables of each species:— , » n ^ rr.n Wpst 

Crawii Coq. Formula (2, 3, 8) 5, 4, 7, 6, 1, Coq. 

Am. Scientist '89. 



91- 


Specific Characters in Pseudococcus 


315 


sfo 


ere is no question about the determination of this species 
u-ere all taken from (Rexona 

In the tables a folnula 


, — 01 itns SI 

'he; were all taken from one plant of white sage [R, 
,ol\:;-achia) at Santa Paula, California " * ^ 


lu me tables a 

id which agrees with the one given by Coquillett. 


^ 1 "I' ^^^Muiiieu. In but 

, ,ecimen was the formula the same for the right and left 


iflC TTiAvj i.»^j.ii.iuia Lin> ; 

ntecaae of the same individual. All the other ”f7iuTae 
lifferLd as much as the specifically diagnostic formulae nub- 
ished for all the species of Pseudococcus. ^ 


LONGISPINUS Targ. Formula, (2, 3, 8) (1, 4 5 6) 7 New 
tead, “British Coccidae.” Vol. 11. The specimens examined 
rere taken^ from palms m the Horticultural Forcing-house of 
iornell University. Of the ten specimens measured, the for- 
nulae of the right and left antennae of but one specimen were 
dentical. No formula was found which agreed with the one 
liven by Newstead. The formulae varied as much as the 
pecifically diagnostic formulae published for all the species of 
^seudococcus. 


TABLE 7. Pseudococcus longispinus Targ, 


Specimen 

1st 

2nd 

3rd 

4th 

5th 

6th 

I 

79 

79 

84 

41 

53 

43 


84 

79 

84 

43 

50 

43 

II 

65 

72 

79 

36 

41 



67 

67 

74 

38 

46 

36 

III 

58 

65 

63 

36 

41 

38 


00 

62 

60 

36 

43 

34 

IV 

62 

62 

70 

31 

48 

41 


58 

58 

70 

34 

48 

38 

V 

.55 

72 

67 

29 

.50 

29 


58 ! 

72 

65 

36 

48 

1 43 

VI 

; 62 I 

72 

74 

43 

60 

46 


1 60 i 

77 

74 

46 1 

1 58 

48 

VII 1 

74 

72 

74 

48 

i 62 

43 


72 

82 

91 

50 

1 62 

46 

vin 

65 

67 

70 

43 

i 50 

41 


70 

72 

70 

41 

: 46 

43 

IX 

55 

65 

65 1 

36 

48 

38 


60 

65 

65 1 

34 

; 50 

41 

X 

62 

72 

65 

43 

58 

41 



62 

70 

65 

41 

48 

43 


7th 

8th* 

Formulae 

50 

101 

83(12)5746 

48 

96 

^ 8(31)257(64) 

46 

103 

i 83217564 

43 

101 

; 83(12)5746 

43 

96 

: 82317564 

41 

91 

82(13)5746 

48 

108 

: 83 (21) (75)64 

43 

96 

: 83(21)5764 

43 

106 

' 823157(46) 

46 

106 

: 82315764 

48 

106 

: 83215764 

48 

106 

i 82315(76)4 

43 

101 

^ 8(13)254(67) 

48 

103 

! 83215476 

43 

98 

■ 83215(47)6 

46 

96 

1 82(31) (75)64 

46 

. 101 

: 8(32)15764 

43 

■ 101 

1 8(23)15764 

j 

48 

’ 101 

1 82315746 

43 

103 

82315(76)4 


t 
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TABLE 8. Pseudococcus agrieoliae Essig. 


Specimen 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

Pof' nae 

I 

94 

77 

74 

50 

55 

50 

48 

408 

8123of. .7 


89 

82 

74 

53 

55 J 

53 

^ ,48 

115 

81235(i.-7 

II 

72 

72 

74 

48 

58 ' 

48 i 

41 

106 

^(21 1-" IfVi? 



74 

1 72 

48 

48 

53 ; 

: 53 

108 


V 

72 

79 

72 

48 

48 ; 

48 ; 

50 

' 113 



72 , 

79 

72 

48 

53 1 

53 

43 

110 


VII 

72 

82 

72 

53 

60 ; 

50 

48 : 

115 

82(13).jlG7 


72 

' 82 

70 

53 

60 

50 

53 1 

U8 

82135(47)6 

VIII 

74 

72 

74 

89 : 

48 

53 i 

108 ' 


74(13)265 


72 

70 

79 

89 ^ 

48 

98 ; 

98 


(76)13125 

XIII 

74 

91 

82 

65 

70 

55 

48 

113 

82315167 


77 

84 j 

82 

65 

72 

60 

53 

115 

82315467 

XIV 

82 

82 

74 

53 

60 i 

53 

55 

no 

8(12)357(16) 


79 

79 

77 : 

50 , 

65 

50 

50' 

120 

8(12)35{4C7J 

XVI 

77 

84 

74 

55 

60 

50 ' 

53 

115 

82135476 


74 

79 

' 74 

50 

62 

58 : 

50 

no 

82(13)56(47) 

XVII 

72 

77 

72 

53 

1 ^ 

53 

50 : 

115 

82(13)5(46)7 


72 

82 

74 

55 

! 55 

! 53 1 

i 

46 ; 

no 

8231(45)67 


Agrifoliae Essig. No formula is given in the description. 
The description refers however to the figures of the antennae 
for the relative length of the segments. Measuring the figure, 
the following formula is constructed, 7, 1, 3, 2, 4, 6, 5. The 
figure is evidently taken from a nymph, as this species has nor- 
mally eight segmented antennae. These specimens were all 
taken from a single oak tree {Quercus agrifoliae) at Santa 
Paula, California, and are from the lot of specimens that the 
type of the species was taken. In two specimens the for- 
mulae of the right and left antennae were found to be the same 
although the formula of each specimen is different. The for- 
mulae of the twenty antennae varied as much as the specific- 
ally diagnostic formulae published for the species of Pseudo- 
coccus. 
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TABLE 9. PsE UDococcus citri Risso. 


Spt 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

Formulae 

1 

67 1 
62 1 

60 

GO 

58 

60 

41 

43 

41 

43 

I 41 

1 48 

43 

: 48 : 

101 

; 103 ; 

81237(456) 

81 (23) (67) (45) 

II 

55 : 
60 ; 

60 

58 

55 

50 

38 

36 

36 

41 

^ 46 
: 38 

; ■ 46 
: 43 ; 

^ 103 ^ 
I 101 ; 

82(13) (67)45 
81237564 

in 

60 ’ 
60 1 

67 

65 

72 

72 1 

i 41 

41 

48 

48 

i 46 
: 46 

55 

53 

1 106 ■ 
1 108 

83217564 

83217564 

IV 

60 : 
65 , 

65 

60 

60 i 
62 : 

36 

36 

41 

36 

36 

: 

50 ! 
■ 48 : 

' 110 
108 

82(13)75(64) 

813276(54) 

V 

60 I 
58 i 

62 

62 

67 I 
65 : 

36 

36 

48 

43 

i 43 
43 

53 

■ 50 j 

113 

113 

83217564 

83217(65)4 

VI 

65 

62 I 

72 

72 

67 1 
65 

46 

48 1 

48 
: 46 

: 48 
; 50 

: 50 

53 

103 

no 

82317(56)4 

82317645 

vn 

67 : 
67 ; 

GO 

58 

67 ^ 
60 

36 ! 
38 i 

' 38 
41 

41 

43 

^ 48 i 
43 ; 

106 

98 ■ 

8(13)27654 

8132(67)54 

vni 

67 ' 
72 

72 

62 

67 ■ 
67 ■ 

38 

41 1 

43 

48 

43 

43 

46 1 
48 I 

108 : 
103 j 

82(13)7(65)4 

8132(75)64 

IX 

60 

60 ; 

67 

65 

60 ■ 
60 1 

13 

43 

43 

41 

38 

46 

41 

43 

96 

96 

82(13) (45)76 
82(13)6(74)5 

X 

67 

67 

67 

65 

72 : 
67 

41 

43 

41 

48 

41 

46 

50 ^ 
48 , 

108 

lOS 

83(12)7(456) 

8(31)2(75)64 


CiTRi Risso. Formula 6, 3, 2, 1, ,1, (4, 6, 7) Newstead, 
•‘British Coccidae” Vol. IT. The specimens of this species 
were taken from coleus in the Horticultural Forcing-houses of 
Cornell University. No formula was found that agreed with 
the one given by Newstead. In one specimen the formulae for 
the right and left antennae were identical. The formulae of 
the twenty antennae varied as much as the specifically diag- 
nostic formulae published for all the species of Pseudococcus. 

Obscurus Essig. Formula S, 1, 3, 2, 4, 7, o, 6. Essig', 
Pomona Jour. Ent.” ’09. The specimens of this species were 
taken from an elder tree {Sambucus glauca) at Santa Paula, 
California, and are from the lot of specimens that the type for 
1 e species was taken. In one specimen the formulae of the 
nght and left antennae were identical. 



318 


Annals Entomological Society of America [Vc \ jy 


TABLE 10. PSEUDOCOCCL’S obscurus Essig. 


Specimen 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

For! ’ae 

I 

84 

72 

77 

41 

58 

41 

53 

103 

813257 

65 

67 

65 

53 

58 

96 



62(31., 

II 

84 

72 

79 

48 

55 

46 

48 

84 

(Sl)32.'. IMii 

72 

75 

84 

43 

53 

43 

48 

98 

832157 -U)' 

III 

82 

79 

84 

29 

60 

50 

53 

101 

83125:..j 

72 

79 

79 

38 

53 

46 

50 

103 

8(32)];, 

IV 

82 

89 

84 

48 

65 

50 

50 

108 

823l5ii;:)4 

77 

79 

86 

48 

65 

48 

48 

108 

83215(701) 

V 

89 

86 

91 

53 

58 

48 

50 

113 

83125470 


74 

84 ' 

96 

50 

65 

55 

i 48 

113 

83215647 

VI 

79 

74 

^ 82 

38 

65 

41 

.50 

106 

83125764 

74 

72 

; 82 

36 

60 

41 

i 48 

98 

8312.5701 

VII 

77 

82 

84 

38 

53 ' 

’41 

: 50 

108 

8321.5764 

1 89 

: 

74 

41 

53 

41 

1 46 

106 

81 (23;.57l04/ 

VM! 

84 

: 89 

89 

53 

67 

48 

' 53 

108 

8(32)15(74)6 


84 

84 

96 

48 

70 

41 

: 50 

1 no 

, 831211.5746 

IX 

72 

79 

74 

41 

60 

48 

53 

106 

' 82.315704 


I 65 

65 

60 

46 

53 

146 



; 6(12)354 

X 

84 

72 

84 

48 

58 

46 

55 

55;43 

(13)2.5 (7S)4C9 


86 

: 74 

84 

46 

()0 

34 

60 

1 108 

8132(75)16 


No formula was found agreeing with the one quoted. In 
specimen X the right antenna has nine segments and in spec- 
imen IX the left antenna has six segments. An examination of 
Table 1 shows that this specimen is the largest specimen studied, 
and as it was found in an egg mass it was undoubtedly an adult. 
Specimen I, which will be seen to be of normal size (Tabic 1), 
also had the left antenna with six segments. This variation in 
the number of segments was also noted in other specimens. 
The formulae of the twenty antennae measured varied as much 
as the specifically diagnostic formulae for all the species of 
Pseudococcus, as well as one formula placing the specimen in 
the genus Phenacoccus and two formulae placing the specimens 
in the genus Ripersia. 

From the above review it will be readily seen that the rela- 
tive length of the segments of the* antennae are valueless as 
specific characters. Other workers as well have found this 
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ciK .Cter very variable. Kellogg & Smith, ’04, found th.i ■ 
,„-, .uy-five specimens of Cereputo yuccae, a closely al hed 
ge,.. . no two formulae agreed, “and that there was prLticahv 
a, r uch variety m these formulae as there is among the eleven 
toi'j ilae published as specifically diagnostic for eleven North 
_^ir,rican species oi the genera Cereputo and Phenacoccus ” 
Agn n Tins e;^ J._ D 08 m discussing the variation in the 
ant. anae of P. mrgatus Ckll. gives eleven different formulae 
Again the same author, 1900, in his description of a new species' 
p, kxensis Tins., gives three different formulae Ehrhorn’ 
Edw. M., 1900, m his description of a new species, P. maritimu’s 
Ehr.. gives four formulae. The universal use of antennal for 
mulae in descriptions is unfortunate, as this has given an excuse 
for the creation of new species and is valueless in analytical 
tables for the determination of specimens. The sooner that 
the valuelessness of this character is realized by systematists 
describing new species of tliis genus, the sooner will a search for 
valuable characters be begun and a serious mistake in taxonomy 
be corrected. 


Legs. Tables 11-15. The length of the legs is used to 
quite an extent in descriptions. Their length compared to the 
length of the antennae is often stated, also the length of the 
different segments compared with each other. They are often 
spoken of as long and strong. The presence of hairs is often 
noted, also that of knobbed digitules. 

For the study of the legs five specimens of each species were 
used. They were the same specimens that were used in the 
study of the antennae. The measurements of the different 
segments are the greatest length of these segments, so that the 
sum of the lengths of the different segments will be greater than 
the length of the leg. Like the basal segment of the antennae, 
the coxa is very difficult to measure and the results are not 
entirely reliable. 


At the right hand side of the tables, formulae are 
appended. These formulae are constructed in the same man- 
ner as the antennal formulae. The segments are numbered in 
order beginning with the coxa. 

The forpiulae show but little if any more satisfactory results 
or specific determination than do the formulae of the antennae, 
ne formulae of each pair of legs for each of the species will be 
discussed together. 
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Prothoracic Legs. In crawii Coq. and citri Risso the ■ lijj 
segment is always the longest, the fourth segment coming ;ext 
in order. In the remaining three species the third segnu .t is 
usually the longest but may be equal to or less than the f uth 
segment. The first segment is always third in order ii the 
formulae. In no species does the second segment bear any lixe,] 
relation to the fifth. The sixth segment is always muo^ the 
shortest and comes last in order in the formulae. 

hlesothoracic Legs. In crawii Coq. the third segment is 
always the longest. In the other species the position r,i the 
third and fourth segments vary in relation to each other. The 
first segment always comes third in the formulae. The second 
and fifth segments vary in relation to each other in each of the 
species. The sixth segment always comes last in the formulae. 

Metathoracic Legs. In obscurus Essig and citri Risso the 
fourth segment is usually longer than the third. In obscurus 
Essig an exception is seen to this in the right leg of Specimen 
XL In obscurus Risso an exception is seen to this in specimen 
VII. In the other species the fourth segment is always longer 
than the third. The first segment always comes third in the 
formulae. In no species do the second and third segments bear 
any fixed relation to each other. The sixth segment is always 
much the shortest and comes last in the formulae. 

It will be seen from the above discussion that the variation 
in the formulae is too great for them to be of service in specific 
determination. Exceptions are found to any generalization 
that might be made. The limits within which there can be 
variation are so small that the variations are almost sure to 
go beyond these limits. Other parts of the legs as setae, 
digitules, etc., apparently offer no characters of a specific 
nature. 
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TABLE IL P s eudoc occus crawh Coq, 








■ ■ 

- 



S' 

Spec- 

imen 

Side 

Coxa 

Tr. 

Fe- 

mur 

Tibia 

Tar- 

sus 

Claws 

Forniui 


I 

Rt. 

Lft. 

192 

198 

120 

120 

288 

288 

252 

252 

111 

108 

39 

36 

341256 

341256 


IV 

Rt, 

Lft, 

240 

228 

126 

120 

312 

318 

248 

276 

120 

120 

42 

42 

341256 

341(25)6 


V 

Rt. 

Lft. 

228 

222 

120 

120 

276 

270 

240 

240 

108 

108 

42 

42 

341256 

341256 

^ ' 

VIII 

Rt. 

Lft. 

210 

210 

120 

120 

276 

282 

216 

216 

108 

108 

30 

30 

341256 

341256 


IX 

Rt. 










Lft. 

204 

114 

288 

2.52 

114 

36 

341(25)6 


I 

Rt. 

Lft. 

204 

210 

120 

126 

312 

312 

264 

270 

114 

114 

39 

42 

341256 

341256 

y 

IV 

Rt. 

Lft. 

240 

234 

120 

126 

324 

336 

306 

312 

120 

120 

42 

42 

341(25j6 

341256 


V I 

Rt. 

Lft. 

240 1 
228 j 

120 ' 
120 ' 

.3f)0 

300 

276 : 
282 ; 

114 

114 

42 

42 

341256 

3412.56 

2 1 

VIII 1 

Rt. 

Lft. 

216 ‘ 
222 j 

120 
120 ; 

294 

300 

270 
270 : 

114 
114 : 

33 

33 

341256 

341256 


IX 1 

j 

Rl. 

Lft. 

210 1 
216 ; 

120 ^ 
120 : 

294 

300 

276 
288 , 

120 ' 
120 

36 

36 

341(25)6 

341(25)6 


I 

Rt. 

Lft. 

222 
222 ; 

126 i 
126 ' 

330 

330 

342 

336 

114 1 
114 

j 42 

1 45 

431256 

431256 

"U ; 

IV 

Rt. 

Lft. 

252 ! 
258 ^ 

132 

138 

360 

318 

390 

390 

132 

132 

i -IS • 

i 48 

431(25;6 

431256 

0 

V 

Rt. 

Lft. 

240 : 
240 : 

126 

126 

330 

330 

360 

360 

120 
120 I 

42 

42 

431256 

4312.56 


VIII 

Rt. 

Lft. 

216 ' 
216 : 

126 

12() 

306 

306 

330 
354 : 

126 
126 1 

.36 

36 

431(25)6 

131(25)6 


IX 

Rt. 

Lft. 

240 1 
240 i 

1 

132 

132 

336 
342 ^ 

366 
360 : 

132 

132 

30 

39 

431(25)6 

431(25)6 



